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TRANSLATOR’S PREFACE 


The text upon which this translation is based differs only in a 
few minor points from that of Professor KOlpe’s Gnmdrus der 
Prychologie as published in i893- The author has slightly modified 
passages in §§ i. 9; 4. 6; 21. 2; 62 4, and has added the footnote 
to § 21. 6, besides making some twenty verbal changes m the course 
of die work. Acting upon his suggestion, I have myself partially 
rewritten § 10 4, to brmg the paragraph into agreement with § 36 4; 
have made slight additions to §§ 25. 2 (footnote); 30. 5; 35. 4, and 
56. I (footnote); and have introduced a new paragraph, § 27a, on 
^e experimental methods of the investigation of Memory and Association 
For the form of these additions (which are mdicated m the text by 
square brackets) I am responsible. But all of them were expressly 
indicated by Professor KQlpe. 

I have further (i) supphed an index of names; (2) filled in a very 
large number of cross-references, which the author had left in general 
terms; and (3) printed in small type the various passages in which 
he describes his own experiments. I hope that all three changes 
will be of assistance to the reader of the book. 

The symbolic exposition of the measurement-methods in Part I. 
retains the German form in the translation Many English writers 
on ptychophysical questions have employed the German abbreviations; 
there are obvious difficulties in the way of an English termmology; 
and it is not probable that any proposals which could be made at 
the present time would find general acceptance But, these reasons 
apart, I have thought it best to keep the German symbols as an 
aid to the student in his reading of German monographic literature 
He may now familiarise himself with their explanation in the trans- 
lation, or use the Sections in which tliey are discussed as a vocabulary 
of technical terms. 

Cornell Universitt, Ithaca, N. Y. 
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The present edition is based on a careful comparison of the tran^- 
tion (1901) with Professor Kulpe’s te*t I have corrected some minor 
inaccuracies, and have sought to improve the Enghsh rendenng of a 
number of passages. 

It was difficult to bnng the hterary references up to date without too 
great mterference with the stereotyped plates I have, however, found a 
place for certain of the more important books and articles of recent years 
For further titles the reader may be referred to the annual bibhographics 
of the Psychological Review and the Zeitschnft f. Psychologie, and to Dr 
Rand’s selected list m vol ui pt n (1905) of Baldwin’s Dtcfiotiary of 
Philosophy and Psychology 

I have attempted a symbohc exposition of the metric methods, in 
English form, m my Experimental Psychology, u , 1905 
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INTRODUCTION. 


§ I. Meaning and Problem of Psychology. 

1. The business of all saence is the description of Ewrls. In any 
particular description we employ a certain set of symbols, which serves 
us as a means of expression of the facts which we wish to present. 
Every science, therefore, constructs for its own use a system of sym- 
bols, and the untvmal validity of a scientific description depends in 
part upon the accurate and consequent application of this system In 
part only for it is a matter of expenence that the individual fact 
stands m definite relations to other facts, and that the existence and 
specification of these are necessary to raise it above the level of mere 
personal opinion and belief Indeed, it would not be too much to 
say, that any individual fact can be adequately defined by the 
enumeration of all its relations to other facts And while popular 
thinking is usually content with a very incomplete statement of them, 
it IS the task of saence to make their desenption exhaustive. So 
that the universal vahdity of a scientific exposition depends in the 
second place upon the progress made by the special science towards 
the achievement of this end. 

2. The facts with which science in general, apart from philosophy, 
has to deal we term faett of txptnenct They are the ultimate and 
original data of our expenence they constitute the subject matter of 
reflection, although they are not in themsdves reflection Philosophy, 
on the other hand, has to mvestigate the desenption of these ^ts ; 
our rtJUction upon expenence is made the object of a separate inqmry 
Now it is evident that the ideas, passions, etc , which psychologists of 
the most different schools agree m discussing m their treatises, must 
be considered facts of expenence. Hence it follows that psychology 
belongs not with the philosophical disdphnes, but with the special 
saences. 

3. Our ordinary classifications of the special sciences are based 
upon a number of divergent prmdples Thus we distinguish botany 



INTRODUCTIOIf. 


from zoology, jurispradence from philology, by reference to the subjects 
which they treat Or we express the degree of completeness, that is, 
the sphere of the validity of a scientific exposition, by the phrases 
‘descriptive’ and ‘explanatory saence’. Or, again, we say that physics 
and chemistry stand to physical and chemical technology as theory to 
practice. And we speak further of inductive and deductive sciences, — 
the former characterized by progress from particular to general, the 
latter by that from general to particular. 

Most of these pnnaples of classification may be used to distinguish 
psychology from the other saences Psychology is inductive, for 
mstance, while mathematics is deductive; it stands to pedagogy as 
theory to practice; it is still in the main descnptive, as compared with 
the ‘exact’ sciences, which are par exuUtnce explanatory. The only 
prmciple of delimitation which cannot possibly be employed is that 
of the subject treated. The reason is, that there is no single fact of 
experience which carmot be made the subject of psychological inves- 
tigation. Now since all the other rubrics specify the form and not 
the matter of the scientific work which they cover, and since the 
relation of psychology to natural science cannot be subsumed to any one 
of them in particular, it is clear that we must look for the distinctive 
character of psychological subject-matter not m the peculiar nature 
of a definite class of experiential facts, but rather in some property 
which attaches to all alike. This property is the dtptndtncy offacU of 
txptritntr upon txperunctng tndivtduali. 

4 We often express this by saying that psychology is a science of 
‘psychical’ facts, facts of ‘consciousness’, or that the facts of psychol- 
ogy are ‘subjective’. Such phrases are one and all misleading 
Thus we may begin by restrictmg the term ‘subjective’ to the visual 
image of our own body ' in which case everything else that is visible 
in space is objective. Or, going further, we may apply the term 
exclusively to states which cannot by any possibility be objectified^ 
and which constitute an altogether pecnbar department of psychology, 
such as thought, feelmgs of pleasantness and unpleasantness, etc In 
either case the object of psychological inquiry is wrongly or inade- 
quately specified. In the same way, the word ‘psychical’ may be 
taken, m the light of certain well-known metaphysical doctrines, to 
denote a reality, entirely separable as such from the ‘physical’ pro- 
cesses. And the term ‘consciousness’ is equally ambiguous' it may 
mean simply what is experienced, it may mean our knowledge of that 
experience, or it may mean a state to which mental reahties, 
otherwise unconscious, may somehow attain. Wherever in what fol- 
lows we employ these equivocal expressions for the sake of brevity or 
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variety, we mean to indicate by them simply that part or aspect of 
the experiential fact which is dependent upon the expenencing indi- 
vidual. ‘Subjective’ or ‘subjectified’ processes, facts of ‘conscious- 
ness,’ ‘psychical* or 'mental’ states will mean for us no more 
than this; and ‘consciousness’ itself, or ‘mind’, will in our 
teimmology merely denote the sum total of all these particular phe- 
nmnena. We shall nowhere discuss anything like a ‘transcendental 
consciousness’, a 'substantial soul’, or an ‘immaterial spint’. 

5. But our definition of psychology as a science of the facts of 
expenence in their dependency upon experiencing individuals is not 
altogether satisfactoiy. The term ‘individual ’ is used m so many 
different senses that it itself requires discussion and definition It 
might seem at first sight as if we were speaking of a psychical indi- 
vidual, and understandmg by the phrase either a transcendent im- 
material substance (soul or spirit) or a whole number of experiences 
and capacities that are ordinarily subjectified (feeling, attention, imag- 
ination, etc) But we cannot, as a matter of fact, accept either of 
these interpretations. On the first no empirical psychology, on the 
second no saentific psychology is possible. — The latter statement requires 
some explanation, the former is self evident. 

If psychology is to be scientific, its statements must possess universal 
validity, and particularly in the second of the two meanings which we 
attached to this phrase above Now universal validity can be ob- 
tamed only by a very complete dcscnption of the relations which hold 
between separate facts, and determine their special character But no 
one would say that a musical chord was adequately defined by the 
statement that it was pleasant, or that it had drawn the hearer’s 
attention to itself, or that it had called up the remembrance of a 
certain scene or of a certain compo.sition And not only are such 
statements imperfect as definibons, but there is no hint, in any of 
the constituents of our inner experience which are named in them, 
of that relation of dependency which we have made the dtffertntia m 
our defimtion of psychology as a whole Idea is not dependent upon 
emotion, nor emotion upon idea , a change m the one is not necessanly 
followed by a definite chartge in the other. And ideas are not 
dependent solely upon one another; they come and go in our inner 
experience very much at random, their interconnections are for the 
most part not due to mutual influence, but obviously follow a law 
imposed upon them from without Again, though the attention is 
frequently mentioned as one of the conditions of a subjective (psychi- 
cal process, we must remember, in the first place that it is only one 
condition out of many, and secondly that the use of the term, whose 
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brevity and intelligibility render it a convenient mode of description, 
does not exclude the holding of diametrically opposite views as to 
the real nature of the phenomenon indicated And finally it may be 
uiged, that the objects of psychological inquiry would never present 
the advantages of measurability and unequivocalness, possessed in so 
high a degree by the objects investigated by natural science, if they 
could be brought into relation only with the psychical individual 
6 . These bnef remarks must suffice for the present to justify our 
rejection of the most obvious interpretation of the ‘ individual’ in our defi- 
nition. What we mean by die word will, of course, be shown in detail 
as the book progresses But it is plain, even now, that the dependency 
of which we are thinking is a dependency upon the corporeal individ- 
ual. No one has ever disputed its existence, except metaphysicians 
of a certain school but the range of its vahdity has become mani- 
fest only as physiology and psychology have advanced We know 
now that the bodily processes which stand m a direct functional relation 
to our expencntial facts take place in man exclusively in the brain, — 
probably in the cerebral cortex. It is assumed that this dependency 
18 always present, although m many cases its existence is merely 
hypothetical At the same time, we are prevented from r^arding the 
relation as temporally determined, that is, as causal, by two reasons 
the facts do not require any such theory for their explanation, and 
the physical law of the conservation of energy appears to contradict 
it Psychologists to-day are, therefore, accustomed to speak of a 
paraUeltsm of psychical and cerebral processes le, the two are 
regarded as concomitant phenomena so related that any change upon 
the one side manifests itself in a corresponding change upon Uie other 
This regulative principle is based upon expenence, and we may expect 
that it will receive further confirmation from experience in the future 
Wliether m its metaphysical setting it be interpreted as a prmciple of 
the interaction of two substances (Dualism), or be thought to express 
the two aspects of the activity of a single being (Monism), — whether 
it be regarded as spiritualistic or matenahstic, is scientifically indiffer- 
ent So that we, who represent an empirical psychology, may rightly 
dispense with any discussion of these possibihties 

7 But a dependency upon experiencing individuals may seem to 
imperil the universal validity of psychology and to increase the diffi- 
culty of the discovery of facts. However, individual differences are 
always confronting us, and are important not only for the psychologist, 
but also for the zoologist and anthropologist They do not constitute 
any danger to science, except in cases where it cannot transcend the 
particular description of an isolated fact Wherever they can be 
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explained by an adequate specification of conditions, they can be 
readily subsumed to general rules Anatomy and physiology are not 
hampered in the solution of their problems by the numberless mdi- 
vidual differences in muscular structure, in nervous excitabihty, in the 
circulation of the blood. And in the same way, the feet of personal 
differences m regard to the subjectified fects of experience does not 
present any insuperable difficulty to psychology 

The second obiection is more serious What a man expenences 
himself, he rates as fact without any description, but he can never 
obtain more than indirect access to the expenences of others The 
psychologist can acquire knowledge of his neighbour’s expenences only 
by the aid of sjrmbols, such as we have spoken of above; and the 
value of his results depends upon the correct use of these symbols on 
tlie one side, and the correct mterpretation of them on the other It 
is not given to every one either to use or to interpret correctly; and 
It follows that the right psychological disposition and special practice 
are indispensable both for observer and observed. The more difficult 
the symbols to interpret, the more equivocal the result —think how 
hard it is to understand the gestures of a person speakmg a foreign 
language, be their meaning never so sunple' Such an illustration 
shows us how much hope there is of a psychology of the lower 
anunals,— of the protozoa Nevertheless, this difficulty m the ascertain- 
ment of facts is not in itself an absolute preventive of scientific know- 
ledge Language may, to a certain extent, be checked by experiment, 
and, as a generally intelligible means of expression of the similar ex- 
penences of different individuate, forms an extremely valuable aid to 
psychological mquiry. 

8. It is plain from what has been said that the probltm of psychology 
is a very definite one it is the adequate description of those properties 
of the data of expcnence which are dependent upon expenencing 
individuals. The expenences to be examined include not only states 
which are altogether individual and which have no objective reference, 
such as emoUons, impulses, and the like, but also facts which are, 
under certain aspects, independent of the mdividual, and which may 
consequently form tlie subject-matter of a natural science, such as the 
objects of our ideas, with their temporal and spatial relations ‘Sensible 
qualiUes’ are regarded by the scientist as subjective processes, and 
their desenpUon relegated to psychology But the temporal and spatial 
properties and relations of sensible objects are also matters of subjechve 
experience and estimation, we compare distances and duections, 
movements and velocities, and contrast apparent magnitude and apparent 
duration with the real, — with magmtudes and durations objectively 
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measHred. So that while (i) all these phenomena must be depicted 
m detail, that we may see what property of our expenences it precisely 
is which indicates their dependency upon the corporeity of the 
ezpenendng subject, (2) the dependency itself must also be made the 
object of careful mvestigation. 

9. The psychologist understands hy a theory precisely what is meant 
by the term m natuial science, the specification of the conditions of 
the appearance of a given phenomenon. A theory of psychical 
processes, m this sense, may be attempted in two different ways. (1) 
We may resolve the more complex phenomena into then elements, 
and trace the laws which govern the fonnation of the compound 
from the simple. The procedure here is similar to the qualitative 
and quantitative analysis of chemical method It is especially useful 
m cases where psychology comes mto connection with cognate and, 
in a certain sense, subordinate disciplines; e.g., m the ethical and 
aesthetic judgments, (u) But psychological theory may also consist m 
the proof of the dependency of mental phenomena upoa certam bodily 
processes Now this proof is peculiarly difficult. In the first place 
we have no means of examining directly the interrelations of the two 
sets of facts, the psychical processes and the central nervous exutations, 
during their course It has sometunes been possible, after the removal 
by operation of a part of the skull, to note the parallelism of mass- 
movements of the brain and the appearance of sense-impressions, 
emotions, etc But the value of such observations cannot be very 
great, as long as the determination and defimte variation of the 
particular cerebral processes corresponding to particular mental acts 
remain impossible And secondly the physiology of the central nervous 
system has not as yet been able to formulate the mechanism of cerebral 
activity in physical and chemical terms We know nothing of the 
real nature of nervous excitation The only thing done so far is the 
demonstration of areas of localisation in the cerebral cortex, that is, 
the demarcation of spheres, within which the nervous processes tliat 
run parallel to defimte subjectified expenences take place. 

10. It follows from this that we are not at present in a position 
to give a complete theory of psychical processes m the stnet sense 
of the word. But we have two means of anticipaling or mdicatmg 
the complete theory, without having recourse to dubious or premature 
hypothesis (i) We may discover a relation between expenences and 
certam bodily processes which stand in a causal cormeefaon with the 
unknown exatations in the cerebral cortex and admit of detailed 
exammation. Psychology investigates in this way the dependency of 
sensation upon stimulus, and that of voluntary and involuntary move- 
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ments upon will and feeling. We ma^ not, of course, argue &om 
the relations of these widely remote links in a cham of causation to 
the relation between the parallel processes. But at least we are able 
to pave the way in some sense for the theory proper; and that is no 
small advantage. (2) The other mode of procedure is rather indica- 
tive than anticipatory. It consists m the introduction of general 
concepts for mental states or capacities,— memory, unagination, men- 
tal disposition, etc., — concepts which indicate our ignorance of their 
actual conditions. These expressions were formerly employed on the 
analogy of the concept of force m modem natural saence, to desig- 
nate purely psychical dispositions or faculties, to whose existence or 
activity a particular experience might be referred. At the present 
day they serve simply as bnef and intelligible expressions for the 
unknown conditions of certain pecuhanhes presented by smgle expe- 
riences or complexes of experiences. When we come to deal with 
sensations, for instance, we shall mention practice as one of the factors 
influenang their discnminability. We shall not mean by ‘practice’ a 
special psychical capacity, or even a new mental act, but merely a 
number of processes, not very exactly known, whose effect is to facil- 
itate an operation which has been fiequently repeated. And, as we 
shall see later, the same holds m a certain sense of attention 

II. We shall not deal in this book with animal ptychology or with 
tonal psychology. Our material for the former would to-day be both 
scanty and unreliable; though we cannot doubt that there will arise 
in the future an mdependent science of zoopsychology, to which the 
psychology of man will bear the same relation as is borne by human 
physiology to the physiology of animals and plants. Social psychology 
treats of the mental phenomena dependent upon a commumty of 
individuals : it is already a special department of study, if not a fully 
developed saence. But it is not difficult to see that the psychology 
of the individual man, as we must in strictness term our own psy- 
chology, forms the foundation both of animal and of social psychol- 
ogy It must precede the former, because nothing but an accurate 
knowledge of the relations between the processes of conscioumiess and 
expressive movements m man can give us any solid basis for anal- 
ogical mferences from movements to psychical states m ammals: and 
it must precede the latter, because the mental processes dependent 
upon communities of men are realized only m mdividuals and expressed 
only by individuals Wo might, therefore, also term our own psychology 
general psychology -. 
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I a. Methods and Aids of Psychology. 

1. The methods which psycholc^ follows in the examination of 
Its subject-matter are of two kinds, dtntt and indirect. Direct methods 
are applicable wherever an immediate apprehension and deacnption 
of the facts examined are possible. If we are mvestigating our own 
sensations of colour, for instance, we employ a direct method by 
immediately experiencing them and directly observing their details. 
Indirect methods are used, on the other hand, wherever it is necessary 
to infer the facts about which we wish to know from some group 
of ajrmbols which represents them. Thus we follow an mdirect method 
when we appeal to memory or commumcation by language to give 
us knowledge of particular experiences. It is evident that the direct 
methods are greatly to be preferred to the indirect. At the same 
time, psychology caimot dispense with the indirect, without reducing 
Itself to the nothingness of a purely individual science. Whenever 
we attempt to study the mental processes of our fellow men, we are 
compelled to proceed by indirect methods. 

2. Each kind of me^od can be applied both objectively and purely 
subjectively, smce each can be used by outside mquirers as well as 
by the expenendng individual alone. If we term the immediate 
apprehension and description of mental processes ' inner perception ’ 
or ‘introspection’, the subjective form of the direct method may be 
named the introspective method. Its objective form will be the experi- 
mental method, smce its objecUvi^ depends upon the employment of 
experiment. The indirect method may be similarly divided into a 
memorial method, which is subjective and a linguistic method, which 
is ol^ective. The two objective methods can never be applied apart 
from the corresponding subjective methods, though the converse 
procedure is qmte possible Expenment without mtrospection is no 
more than a plajrthmg borrowed from physics, and language without 
memory is but a sound without sense. Language checks, strengthens, 
and fixes memory, just as experiment mcreases the reliabihty and 
generalises the significance of introspection — We must look at the 
nature and range of these methods somewhat carefully. 

L Direct Methods. 

3. (a) The introspective method is the simplest and most obvious of 
all. It IS common to science and to the ordinary self-observation of 
practical hie. But mtrospection can be made a useful psychological 
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method only if it is employed under special and favourable conditions, 
(i) Foremost among these is the state of aaention. We understand 
here by this term that condition of mental processes m which they 
possess a peculiar vividness, duration, distinctness, associability, and 
reproductivity. Its importance in the examination of mental phe- 
nomena by the introspective method, then, needs no proof. We must 
only be careful to insure the direction of the attention upon these 
phenomena, and not upon their introspection, as otherwise the aim 
of the method is frustrated, or at least seriously diverted. The 
mtentional self-observation recommended in various psychologies comes 
perilously near to such a distortion of method It is really simply 
a quesUon of ‘attentively expenenung’ a mental process. We may 
note the advantage accruing to the method from the fact that the 
attention can be concentrated exclusively or at least preponderantly 
upon particular sides and aspects of an experience, and so bring them 
mto higher relief. (2) The other condition of methodically conducted 
introspecUon is tmparUahty as regards the fects. Even in natural 
science the investigator is apt to see what he desires to see; and this 
tendency is far greater and far more dangerous when the processes 
observed are subjective. If we approach the examination of consaous- 
ness with more or less definite expectations of what we shall find, 
whether these are theoretical or based upon a preliminary induction, 
we may depart very widely from actual fact The only preventive, 
apart from a checking of mtrospection by experiment, is an extremely 
careful self-observation. 

4 Introsixjction or attentive experience becomes scientifically valu- 
able only when a description of its contents has been given It is, 
therefore, necessary — we shall discuss the point more in detail when 
we come to deal with the linguistic method— that a system of intelli- 
gible and dehcate symbols be built up, to meet this requirement of 
description as adequately as possible. And here again we obtain most 
assistance from a right direction and concentration of the attention. 
We have seen that in the condition of attention the various consuous 
phenomena are readily associable and easily reproduceable; and it 
clearly follows that tlie linguistic symbols, visual or auditory, which 
constitute a desenphon, will be called up with especial facility and 
completeness by mental processes attentively experienced But it is 
also clear that we are here, too, running a peculiar risk, — the risk 
of substituting for the facts cut-and-dried linguistic formulae, which as 
it were offer themselves for reproduction when the facts are presented. 
The desenption of an impartial observer must be altogether determmed 
by his exptncnces. And it is a senous drawback to the introspective 
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method that h is not a trustworthy guide to this goal. Try as he 
will. It IS hardly possible for the observer to nullify all the subjective 
tendencies which hinder his total self-surrender to die facts. To which 
we must add the further objections, that introspection is unable of 
itself to erect a theory of psychical processes, and that its results are 
apt to appear fortuitous and disconnected. Nevertheless, the method 
forms the basis of all the others, and is at the present day in many 
cases the only one which is diiecdy apphcable 

5. (6) The expenmtittal mtthod — Experiment can no more take the 
place of mtrospection in psychology than it can that of observation m 
physics. It is only able, as it is only intended, to supplement the 
previous method, by filling up the gaps which remam when mtrospection 
is employed alone, by checking its descnptions, and by makmg it 
generally more reliable The method is qualified for this task by six 
peculiar advantages (i) It renders possible a frequent repetthon of 
the process which is to be descnbed Psychical states are so transient 
and so compbcated that a number of observations of the same phe- 
nomenon is the prerequisite of any exact analysis. The description 
becomes with repetition concrete and assured. One of the reasons 
for the stagnation of the older psychology was its over-hasty general- 
isation of observations based simply upon mtrospection, memory, and 
report So that experiment helps us to ascertain what the facts of 
mmd really are (2) Experimental appliances enable us to vary par- 
ticular constituents of the process, under examination separately. With- 
out this variation of details it is impossible to show the significance 
of the smgle factors and phases of a psychical event, and to establish 
their umformities. It is our only means, for example, of informmg 
ourselves about the temporal and spatial constituents of a perception, 
as distinct from its quality or mtensity And it is this property of 
experiment which the natural sciences have availed themselves of with 
such bnlliant success. Here also, then, experiment goes deeper and 
extends further than mtrospection, with its liabihty to mistake, is able 
to do Our knowledge of the facts is considerably enlarged, and the 
first steps are taken toward their theoretical explanation 

6. (3) The ends of theory can be most effectively subserved by 
the discovery of relations of dependency between stimuli and the psychi- 
cal processes which they evoke, or between subjective phenomena and 
the bodily movements which they occasion Stimuh stand in causal 
connection with nervous excitations, up to and including the central 
processes, and the bodily movements which we see are the result of 
central irmervations We thus obtain functional relations between 
remote links m the chain, which may be eiqiressed m the form of 
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laws, although they are not always simple and unequivocal. (4) And 
this leads us to another advantage of the expenmental method. If 
we can prove these relations of dependency between subjective and 
obj'ective processes, the latter will furnish us with a mtaturt , — a 
permanent and reproduceable expression, — of the psychical. The 
value of such a measure becomes manifest as soon as ever we institute 
a comparison with the older psychology* whose statements were 
either so general that they covered all di^ees of mdmdual variation, 
or made no claim at all to universal vahdity. If we find to-day, by 
the experimental method, any divergence m the relations between 
objective phenomena and the subjective reaction of particular persons, 
we know where to look for the reason of the irregulanty, and can 
refer the mdividual diEerences to their conditions, and thus bring 
them withm the domam of science. In other words, the umversal 
validity of psychological results is guaranteed by the measurabihty of 
mental phenomena, and measurability is assured by the expenmental 
method. 

7 (5) Experiment, again, supphes us with a means of securing the 
most favourable dttpostiton of the expenenetng tndtvtdml. We have 
already mentioned attention and impartiality as the conditions of all 
useful mtrospection. But mtrospecbon itself did not provide us with 
means for the fulfilment of these conditions, or for the estunabon of 
their better or worse realisation m a given case. On the other hand. 
It IS perfectly easy to arrange an experiment m such a way that the 
observer remains wholly in the dark with regard to the value or 
correctness of his reports, and therefore has nothing but his experience 
to rely upon, while he is beyond the reach of influence by definite 
expectation of desired results. And it is equally easy to show, by the 
help of suitable experiments, what alteration m result is produced by 
such expectabon, or m general by any prcdisposibon of the observer. 
Moreover, a numencal comparison of the separate r^iorts furnishes 
us with a quanbtaUve determination of errors or influences, whose 
operaUon had escaped the observer’s nobce. So that the advantage 
of the experimental method here is, that it aids us, as it were, to 
force that disposibon in the observer which is most favourable for our 
purpose, and acquaints us with all the influences and vanabons to 
which it is liable. This is sufficient to prove the injusbce of a reproach 
often made to the experimental method, — the reproach that it posits 
an abnormal atbtude, an unnatural mood, on the part of the obs^er. 
For, in the first place, the method gives us our only safe criterion 
of normal and abnormal; while, secondly, there is not the shadow of 
a reason for thus roundly tenmng the circumstances favourable for an 
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observation ‘abnormal’ (6) Lastly, experiment has brought abont a 
community of ptychologtcal work such as was previously impossible 
This advantage has come with the observation of facts under ngidly 
definite conditions which can be reproduced by any and every 
investigator. Each psychologist can now enter into the methods and 
results of his colleagues, confirming or correcting; and so the stream 
‘ of scientific knowledge flows steadily on. We shall soon give up 
speaking of ‘the psychology’ of this or that author as an individual 
system, and shall talk only of ‘psychology’ as a science resting on 
firm foundations, whose superstructure is so planned that the new fits 
in easily and harmomously with what is already established 

8 Of the range of the experimental method m psychology we can 
say nothing more definite than that it is apphcable m all cases where 
psychical processes stand in uniform relation to external bodily processes 
Such a relation obtains, of course, not only between sensaUons and 
the stimuli which occasion them, but also between feehng and will 
and the movements of hmb or feature, or the changes of circulation 
and respiration, which they produce; although the latter dependency 
has not as yet been so elaborately and successfully examined and 
formulated as has the former But more than this . we have a number 
of ingenious devices for the experimental mvestigabon of the connections 
of mental processes with one another So that m pnnciple there is 
no topic of psychological inquiry which cannot be approached by the 
experimental method. And experimental psychology is, therefore, 
fiilly withm its nghts when it claims to be the general psychology of 
which we propose to treat (§ i. ii). If we compare the scanty 
harvest of facts reaped before the apphcation of expenment in all the 
fidds now open to expenmental inquiry with the nch and steadily 
increasing store of laws and observations garnered since the expenmental 
method has been followed, we cannot but look forward with hopeful 
anticipations to the time when the advantages of this most potent 
instrument shall be secured to eveiy department of empincal psychology 

II. Indirect Methods. 

9 («) The memorial method is one of very frequent application in 
psychology, owing to the transitonness of psychical phenomena. By 
‘memoty’ we understand here not a group of reproduced ideas or 
other mental processes, not, that is, the return to life of previous 
experiences, but a description or awareness of earlier experiences based 
upon certain present mental states. The conscious processes now 
present obviously serve as mere symbols of other processes previously 
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present For instancy our memory of a considerable period of time 
does not enable us to reproduce that time with even approximate 
accuracy: we rather infer the length of the interval from the nature 
of the conscious processes now involved in our memory of it. In the 
same way, when we compare the mtensity of a loud noise which we 
have just heard with that of another similar noise heard before, there 
IS no recurrence of the latter in its original strength; we know how 
loud it was by certain mdications afforded by the memory.— We are 
at present interested in memory, then, not as a psychological process, 
but as a means to the ascertainment of psychological processes 

10. The utility of the memorial method depends upon the reliability 
of the symbols from which we have to mfer the various kinds of 
mental occurrences. It is hardly possible to give general rules for its 
use. Atttniion and tmparttaltty are as necessary to a right conclusion 
here as they were in mtrospection. Concentration of the attention 
cements the umon between symbol and symbolized at its inception, 
and keeps it firm and defimte afterwards. And if introspection may 
be invalidated by the influence of extraneous suggestions, the danger 
IS very much greater with memoiy, where the application of any direct 
check is usually impossible. Secondly, the chotct of appropnatt tymbolt 
IS important To a certain extent this is dependent upon the individual. 
Attention to it enables us to formulate a true memorial method, service- 
able for psychological ends. For it is plain that our knowledge of 
previous experiences may be built up from the most various indications 
Now it is the business of the p^chologist to discover the significance 
of all these, and to estimate the value of results obtamable from the 
employment of any one m particular. The matter is one of especial 
importance when we are comparing successive conscious processes, 
smce in such cases the experunental method must be combined with 
the memorial. Thus, we overestimate in memory sounds which are 
‘terrifically’ loud, and underestimate weights which are ‘surprisingly’ 
small Clearly, to ensure uniformity of experimental conditions, these 
sources of error must be as far as possible eliminated. — But when all 
is said, the memorial methpd remains purely subjective, and consequently 
very defecbve. It can b^ raised to scientific importance only by the 
employment of a system of intelligible and familiar symbols. Language 
furnishes the sjrstem required. So that it is only as related to language 
that memory becomes an objective psychological method, valid beyond 
the narrow limits of individual experience. 

11. (f>) The Itnguuhc method. — Of all the sjnnbols which have been 
employed in the service of descnption, those of language are the most 
widely diffused and the most highly valued. There are three principal 
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reasons for this exceptional position of language (i) its flexibility and 
wealth of distinctions; (2) its constancy and accuracy; and (3) the 
ease and rapidity of communication through its channel. The advantages 
ofieied by it are naturally only relative: we may equally well regard 
these three rubrics as covering three distmct problems, which must be 
solved in the correct use of words. 

(i) By the pxtbtlUy of language we mean its adaptability to the 
description of the most diverse facts, and its adequacy to the finest 
distinctions which they present. It is to be noted in this connection 
that new symbols or new combinations of the old can very readily 
be added to our current stock of words and phrases. We need hardly 
spend time upon the discussion of the advantage of this property of 
language for the psychologist ; the fidelity and completeness of his 
depiction is evidently in very large measure dependent upon it. But 
just because it is so important we must insist that he makes exceed- 
ingly careful use of it. The experimenting psychologist in particular 
should have this brought home to him, — so that his description of 
results may be as detailed and comprehensive as possible. We 
may lay it down as a general rule that the larger his psychological 
vocabulary, the more extensive his psychological knowledge, the better 
equipped b he for his task. Individuals who are entirely unversed 
in the expression of expenence in language can be used in but few 
psychological investigations, and those of mmor importance — The 
flexibiLty of language b essentially due to its dependency upon the 
wtll of the individual The movements which subserve speaking and 
wnbng may be directed and varied at will Their form and contents 
will, therefore, be regulated by the needs of tHfe moment, for the 
most adequate expression of the focts which they are to describe 
Nevertheless, there b one difficulty that we cannot hope entirely to 
overcome even by the most accurate use of our symbols, we cannot 
do complete justice to the continuity of the inner experience and its 
changes Language b discrete This is one reason why it b necessary, 
in psychological experiments, to collect a large number of judgments 
or reports. 

12. (2) By the constancy of language we mean its independence of 
time. Of the subjective memorial method we may say in general that its 
trustworthiness is mversely proportional to the length of time which 
has elapsed between the occurrence of the original conscious states 
and that of the present processes which constitute our memory of them 
The linguistic method is exempt from this variability; both symbol 
and meaning of symbol can be stereotyped. And thb constancy 
secures the accuracy of language, an exact correspondence between the 
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symbol and the symbolized. We aie all familiar with the advantages 
accruing to soentific description from the use of definitions. Logical 
rules ensure the permanence of these, — while dictionaries and ency- 
clopaedias protect the meanings of particular symbols from oblivion 

The guarantee of these methodological advantages is afforded by 
the constancy of ths toriiitn character. So that the best way of preservmg 
mtrospective and memorial contents is to reproduce them in the visual 
figures which everyone uses and understands 

(3) The tasy and rapid communicability of linguistic symbols is an 
advantage which we owe to the prcutual needs of human intercourse. 
Mental processes are quick to disappear and quick to change, and the 
account must keep pace with the facts. Besides which, our constant 
practice in the use of linguistic s3rmbols gives us a kind of automatic 
accuracy in the right puttmg-together of words, while our attention 
remains directed with practical exclusiveness upon the experiences. 
We frequently increase this facility of expression still hirther, by 
agreeing to use simple or abbreviated symbols for certain classes of 
judgment- but it is to the interest of psychology to see that this 
procedure does not reduce the record of results to a mere schema, 
as it easily may. For, (i) the withdrawal of the attention from the 
record may lead to its partial withdrawal from the experience; and 
ennui is a fertile source of error And (ii) it is inevitable that the 
conscious phenomena present be more complex than the processes 
which we are especially studying, — that they contain more than it is 
our primary intention to report upon But we may require of the 
professional psychologist that he devote a certain interest to these 
secondary phenomena, and note them in his written record Simple 
experiments upon just noticeable stimulus-differences, for instance, 
give us many valuable hints with r^rd to the association of ideas, 
the psychological basis of the j'udgment of comparison, etc. Looked 
at from this point of view, the simplest expenments become attractive 
to the student and fruitful for the science. 

All these methods, the direct and the indirect, the subjective and 
the objective, can be beat employed in combination, each servmg to 
supplement and check the others Their individual importance and 
uses we shall di^tiss in greater detail later on. The experimental 
method has had an especially rapid growth, and is now differentiated 
into a whole number of separate sub-methods. 

13 We are able in certain cases to supplement the knowledge 
derived from the four psychological methods, — the introspective, 
memorial, hnguistic, and experimental, — by assistance from without. 
Pathological changes in the mental constitution, the facts of mental 
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development, and the products of the various mental activities, all 
furnish some aid to the psychological inquirer It need hardly be 
emphasized that this assistance is never more than secondary. For 
the beginmngs and foundation of our knowledge of the facts and 
relations of consciousness we must always have recourse to the four 
methods, and in particular to a tramed and adequately checked 
introspection. It is but very rarely either necessary or practicable to 
obtain from any of the three secondary sources information which we 
could not have acquired in a more direct way 

(i) Mental pathology is the most valuable of the extraneous aids. 
Just as conent views of the physiological functions of certain portions 
of the brain and groups of nerve fibres are based upon pathological 
cases, in which the abrogation of special functions is correlated with 
the d^eneration of special nervous areas, so our psychological analysis 
of complicated psychical processes and even more our knowledge of 
their dependency upon particular bodily organs or processes are 
materially furthered by the existence of certain diseases. When we 
move our arm, for example, we can judge fairly accurately, within 
certain limits, of the direction of die movement and of the altered 
position of the hmb, even if our eyes are closed What sensations 
constitute the psychological basis of these judgments? Cutaneous, 
muscular, tendmous and articular sensations are all mvolved in the 
arm-movement; and there is nothing in the nature of things to give 
any one set a preference over the others Pathological cases have 
answered the question for us, by showing that abrogation of the 
cutaneous sensations is not followed by any considerable impairment 
of the judgments of position and direction And pathological phenom- 
ena of this kind are useful to the psychologist wherever he is precluded 
from effecting a normal vanation of the separate constituents of a 
psychical complex, and wherever he is investigating the dependency 
of conscious processes upon the more centrally situated nervous 
excitations The various derangements of speech have given us inval- 
uable assistance in the determination of dependency-relations; and a 
case of deaf-mute-blindness, like that of Laura Bndgman, may be 
termed an experunent from the hand of nature herself The great 
importance of such pathological observations is plainly due to the 
fact that they enable us to distinguish operative factors from inoperative, 
or to compare mental defects with the anatomical abnonnalities revealed 
by autopsy 

14. But it is useless to examine pathological states whose conditions 
and symptoms are not so clear and unmistakable, in the hope of 
reaching any definite result. The best illustration is, perhaps, afforded 
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by recent e:q>eriments m hypnoHm. Hypnotism has been strongly 
lecommended of late to the notice of psychologists. Bnt apart from 
the danger to the subject which comes with repeated hypnotisation, 
however careful the method of induction, very many of the expen- 
mental results are rendered precanous by the scantiness of our know- 
ledge of the state of consaousness in hypnosis. It would be foolish 
to deny that a good deal of interesting information has been gained by 
the help of mtra-hypnotic and post-hypnotic suggestion, but it is 
almost entirely mfonnation with regard to cunous powers and perform- 
ances, such as would normally be found m but a few individual 
cases. — In the same way, we shall rarely have occasion to refer to 
other artificially induced alterations of the normal consciousness, the 
mental result of indulgence in narcotics, etc. It may be confidently 
asserted of these and similar conditions, that they are rather them- 
selves problems demanding explanation, than the source of any increased 
knowledge of general psychology. The same holds of what are 
called 'mental diseases’. It seems more likely, as things are, that 
general psychology may be able to throw some light upon their rise, 
development, and causes, than that their study will afford any matenal 
aid to the student of psychology The insane are usually incapable 
of mtrospection in the scientific sense. 

15. (2) Assistance may be gamed, further, fi-om the study of 
psychogtrutit 'We understand in the first instance by this term the 
science which deals with the development of psychical phenomena in 
the human individual. It can nndoubtedly teach us something of the 
origin of particular mental processes, we need mention only the origin 
of language, the development of memory, the formation of associa- 
tions. But here, agam, we are met by the difficulty that there is no 
guarantee of trustworthy and properly directed mtrospection. This 
makes mquiry into the psychology of childhood as uncertain as is 
the psychological study of animals. And it will hardly be mamtained 
that unportant contributions to any question of general psychology 
have resulted from such inquuy Nevertheless, it forms an indispens- 
able supplement to our knowledge of the developed consciousness. 

(3) Psychology gams least of all from the consideration of mental 
pnducttcns. Art, law, and language must prunanly be regarded as 
subjects amenable to psychological interpretation and treatment, and 
only secondarily as matter for the illustration of certain mental com 
nections or relations. We may perhaps find in the arrangement of 
hnguistic forms and phrases rules which hold for the association of 
ideas in thinking. Or the artistic employment of the special senses 
and the reproductive mechanism may help us to express the umform- 
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ities of relation which obtain for the association of sensations with 
one another and with feelings. But no one of these mental products is 
either wholly dependent upon psychological factors, or unequivo- 
cally referable to a particular psychical interconnection And we must, 
accordingly, be circumspect bo^ in accepting and applying information 
denved from them. 

In this enomeration of external aids, we have made no mention of physics or 
physiology. The assistance which these sciences render to psychology is rather in- 
direct than direct, — assistance in the obtaining of psychological material. (4) We 
must have physical knowledge and apparatus if we are to institute psychological 
experiments, and any advance in onr understanding of the physical or chemical 
conditions of sense perceptions is of valne for their psychological investigation, 
but the results of physics are not contnbutians to psychology. (5) It is a httle 
different with physiology The physiology of the sense-organs generally treats of 
sensations and perceptions, and the physiology of the central organs, of mental 
fnncbons And so we often find phyriologists regarding psychology as merely a 
department of physiology. This view is based upon an epistemological error. 
Physiology does not deal with experiences in their dependency npon the individn- 
als who experience them, bnt with vital phenomena which manifest themselves to 
onr perception and which are dependent upon one another and npon their envi- 
ronment But the psychical processes which accompany certain of these are valuable 
to the physiologist as indications of the presence of bodily fiinctions. They are, 
therribre, not the strict object of his mqniry, bnt directions with regard to that 
object. There accordingly exists a very close relation between psychology and 
a certam portion of physiology, and similar tendenaes and observations are appa- 
rently to be fonnd in both. Bnt a closer examination ieaves no room for doubt 
that the ultimate aim and end of the two sciences are altogether different Never- 
theless, in the mterest of psychological progress, it is desirable that, while the 
fundamental sejiarateness of their spheres is recognised, there may still be m the 
future as much physiological research that can be turned to psychological ac- 
count, as there has been in the past The small number of psychological labora- 
tories renders this neighbourly assistance doubly welcome. 

§ 3. Classification and Literature of Psychology. 

I. It has been customary ever since the days of Aristotle to 
classify the subject matter of psychology by grouping various psychical 
processes together, as those, € g, of knowing, feeling, and willing. 
Now the particular processes belonging to these different groups are 
introspectively all upon the same plane. It follows, therefore, that the 
principle of classification was not derived from psychological investiga- 
tion in the strict sense, but was borrowed from certain familiar results 
of mental activity or modes of expression of mental attitude: the 
knowledge which the mind has acquired by the aid of sense and 
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understanding, the action which it executes under the stimulus of 
desire or resolve, etc. The classification itself is defiaent for two 
reasons : the point of view is not consistent throughout, and the same 
psychical contents may subserve or belong to one mental product as 
well as another. If we wish to avoid these mistakes, we must (i) first 
of all subject the whole ol conscious content to an exact analysis, and 
determine the ultimate elements of which it is composed. (2) We 
must then find a means of arranging these psychologically equivalent 
elements m a series, — and this we can do, with the view which we 
hold of psychology, only by discriminating between the relations in 
which they stand to bodily processes (3) That accomplished, we 
shall be able to classify the complex processes, by distingmshing the 
modes of interconnection of the elements m consciousness (4) And, 
lastly, we may make the state of consciousness itself— as present- 
ing differences of a general character, cognisable by introspection, 
independently of the contents of the experience of the moment — the 
object of a special inquiry. It will be noticed that these four rubnes 
have a strictly psychological significance; te,, that they are dureebons 
either for the analysis of the subjective, or for its reference to the 
physical mdividual. 

2. The timpheity which constitutes a psychical state an ultimate 
element of consciousness is not, as m physics, a spatial mdivisibihly, 
but merely a simpliaty of quality or contents. The simplest mental 
processes, therefore, are not comparable to physical atoms. The only 
analogous elements in natural science are those of chemistry. Just as 
it makes no difference to the nature of a chemical element whether 
Its molecules are a hundred or a thousand, so it is indifferent to a 
conscious quality how great an extension — to take the first illustration 
that comes — we predicate of it And just as the chemical element 
is a certam substance that resists further analysis, so arc the simple 
contents of psychology expenences in which no parts are further 
distinguishable. Our instrument of psychological analysis is introspec- 
tion, alone or assisted by expenment If a given content which we 
call ‘gray’ shows no noticeable differences of shade, if its tone is 
entirely uniform, we term it a simple conscious content. It follows 
that a compound psychical state can be distmguislicd from a simple 
process only by our abihty to perceive m it a number of separate 
simple states. A chord, for instance, a compound clang contaming a 
number of sunple tones, is a compound conscious state. Following 
Wundt’s example, we shall make this difference the mam prinaple of 
our psychological classification Psychology will then fall into two 
niain parts : the first treating of the cotuctous elementt, and the second 
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of the csnmetUn of tin tltmtHis The number of chemical dements 
is very small, and efforts are naturally made to reduce it as hir as 
possible, — if it may be, to one. The number of qualitatively distin- 
guishable conscious states, on the other hand, is very large, and there 
is no reason for supposing that it can be diminished. The keener 
our psychological analysis, the more elements it finds to observe 
Finally, certain peculiarities of state or attitude may be predicated 
of consaousness as a whole These may be observed alike in simple 
and complex contents, and may, therefore, properly be made the 
object of a special investigation. A third part of psychology will 
accordingly be concerned with the state of consciousness The 
prinapal subject of discussion in this part will be the state familiar 
to us as attention. 

3. Any further classification of the simple conscious processes themselves 
must be based, as we have said, upon charactenstic differences among 
the relations of dependency in which they stand to bodily processes. 
Applying this prmciple, we can distinguish two kinds of elementary 
psychical contents, (i) The first class is characterised by the depend- 
ency of the qualities which compose it upon the exatation of quite 
definite peripheral (and probably central) nervous organs. These 
elementary conscious contents we name sensations. The term ‘sensa- 
tion ’, therefore, does not denote a general mental capacity of reacUon 
upon external impressions, — does not point to something above and 
beyond the separate experienced quahties, distinguishable from them 
as a particular consdous attitude, or what not,— but is simply the 
abstract genenc name for a number of concrete elements which have 
the specific character just mentioned The simple content of a given 
‘gray’, that is, would be a sensation, since we know that its appear- 
ance depends upon an excitation of the retina and of various central 
organs Ijnng between the eye and the visual centre in the cerebral 
cortex. (2) The second class is characterised by the absence of any 
determinable dependency of the qualities composing it upon particular 
external bodily organs — of their relation to central organs we can at 
present say nothing definitely. These qualities we tom feelings. For 
instance, the pleasure which we take in a pure tone, not too loudly 
struck, or the pleasure which we derive from a saturated colour, is a 
feeling; its particular quality being determmed neither by the sense- 
organ nor by the specific exdtahons underlying the colour or the tone 

4. On the other hand, any farther classification within the second 
part of psychology must be based, for the present at least, upon the 
results obtained by introspection. We should suppose a pnon that 
the mode of mterconnection of dmple contents would not always be 
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the same. And we can, as a matter of fact, distinguish two principal 
modes fusion and colltgahon. The former is a more close and inti- 
mate connection than the latter Fusion occurs when the connecting 
qualities are thrust more or less mto the background by the total 
impression which results from their connecbon, — when, that is, all 
or sundry of them lose in distinctness by combination. The total 
impression itself may be, as it were, the resultant of a balance of 
qualities, or may be dominated by one or more preponderant ele- 
ments. A simultaneous connection of tones may stand as a typical 
example of fusion. Colligation occurs, on the other hand, when the 
cogmsability of the separate qualities is either unaffected by combina- 
tion, so that they retain their original mdependence, or is actually 
mcreased. The formation of a single quahtahve impression is m this 
case more or less obstructed by the persistent individuality of the 
elementary constituents. Simultaneous colour contrast (the spatial 
combination of different colour sensations) may serve as a typical 
instance of colligation 

5. It IS not necessary at this stage to go further mto details of 
classification But there is one other pomt to which attention must 
be called if we are to avoid misundeistandmg of the character of the con- 
scious elements Just as m nature the vanous elements never occur 
alone, absolutely out of connection, but always in physical or chemical 
combmations with other elements, so the elementary phenomena of 
mind are never found except m fusion or colligation with their like. 
And just as natural science obtains its simple substances by analysis, 
so must we employ the analysis of mtrospection to make out our 
elementary qualities. By help of the attention we may, it is true, 
subject even the less intensive elements to special investigation or 
observation; but real isolation, — the actual experience of one single 
sensation, for instance,— can never take place. We may think that 
we have only heard a tone or seen a colour, but a closer inquiry 
shows that these were merely parts of a combination upon which the 
attention was concentrated with peculiar force. ‘Sensation’ and ‘feel- 
ing’ are not, therefore, different experiences, in the stnet sense, but 
the results of a qualitative analysis of experience, of which we avail 
ourselves for scientific purposes. We cannot ascertain the uniformities 
of complex processes, without this preliminary analysis; and our first 
task is, accordingly, to examine separately every aspect or attribute 
which is at all obvious in the concrete mental state. 

The tiqisitite division of mental facolti e s mto those of knowledge, feehng, and 
desire, iriiidi obtained cniiency m the eighteenth centnry, is based upon the 
dhtmetfon (t) between ohJective states, referable to external objects, and subjective 
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states, expressive of the reaction of the ego, and (2), within this lait, between 
a more passive and a more active reaction. These pnnaples of dassification 
were crossed by a division into higher and lower faculties. Such differences oi 
standpoint were inevitable at a tune when the exact conditions of the dependency 
of mental upon bodily processes were sbll unknown, and unassisted introspection 
was unable to establish universally vahd results by its analysis of the more 
complex consdons processes. In parbcnlar, it had not been discovered that besides 
the * &ve senses’ we possess a number of sensitive bodily organs, which contribute 
nothing to our knowledge of the external world, and whose sensations cannot, 
therefore, be opposed to the feehngs as otgective to subjectave. The distmction 
of higher and lower faculties is obviously altogether nnpsychological : psychology 
cares nothing as to whether the ethical and msthetic judgments ascnbe a higher 
value to this conscious process or to that Its mtrodnction as a pnnaple of 
classification is, however, very mtimatdy connected with the depreciation of the 
sensuous which characterised an age and a philosophy of rationalism. — The tendency 
to divide up mental states mto subjective and objective has jieisisted to our own 
day. It IS the prmapal reason for the customary grouping of the sensations 
mediated by the mtcmal organs of the body under the general name of ‘common 
feelmg’. The physiology of the senses still makes use of this objectionable phrase 
And we often hear, too, of the ‘ sense of feding ’, a current expression for ‘ touch’ 
m ordinary conversation. Now mconvemmces of terminology might be put up 
with m themselves, but unhappily th^ are apt to lead the mvestigator astray in 
method, if they do not land hun m error upon matters of fact. While, agam,ifthe 
only classification admitted be that of subjective and objective, psychology u altogether 
unable to cope with reproduced sensataons and ideas, the ‘images’ of memory 
and fancy. — The pnnaple of classification which we have followed was mtroduced 
into psychology, as is stated in the text, by Wundt; we have only earned it a 
bttle farther than he has done, m the hope that it will thus yield still better 
results. It is indicative of the confusion which obtains m psychology even at the 
present day, that this pnnaple has not yet succeeded m gaming general recogmbon. 
Thus W. James, m his recently published PrmcipUs of Psychology (1890), — a work 
of large conception and much onginality, — has argued from the fact that our men- 
tal hfe flows on in a more or less continnons stream of complex processes to the 
necessity of beginning with these, and not with simple consaons states which are 
the products of an artificial analysis. But by panty of reasomng the chemist and 
physiast and astronomer would be obliged to begm the expositaon of their 
saences with a depiction of concrete phenomena, of with mechanics or 

stocchiometry. 

6. It is peculiarly difficult to give a survey of the most important 
psychological lUcrature. The saence has for centuries been dommated 
by philosophy, and has reflected all the many changes which meta- 
physics has imdeigone with the lapse of time. Even to-day psychol- 
ogists are not at one concerning the problems which they have to solve. 
It is tme that the union between philosophy and psychology has of 
late tended to become, more or less consciously, a union based rather 
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upon the interest of particular men than upon inherent relationship. 
But the development of that division of labour which is the one thing 
necessary for the successful progress of psychology, proceeds very 
slowly. We may be agreed upon particular ezperunental investigabons, 
but there is small indication of a more general agreement as to pnn- 
dples. It is, consequently, hardly possible to ate from the literature, 
without giving some characterisation, however bnef, of the standpoint 
of the vanous works. And it is necessary foi the understanding of 
differences, as well as only just to the merits of the older psycholo- 
gists, that any such characterisation should be prefaced by a histoncal 
retrospect, showmg the origm of views and tendencies. We can dis- 
tinguish two main direcbons m modem psychology ; the first of which, 
though much the older, did not cease to exist when the second made 
Its appearance We may call it the descnpUvt and metaphystcal direc- 
tion, while the newer movement is expertmtntal and ptychophyttcal 
The former makes exclusive use of the mtrospective, memorial, and 
lingmsUc methods; its descriptions are either purely mdmdual or very 
abstract The latter insists upon the apphcation of the expenmental 
method wherever it is possible, and aims at the establishment of 
general laws. Similarly, the theory of mental phenomena erected by 
the earher school relies upon the assistance of metaphysics, while the 
later one regards knowledge of the relabons of dependency obtaining 
between the conscious and bodily (especially cerebral) processes as the 
only practicable road towards a real explanabon of the facts of mmd. 

7. German psychology before Herbart belongs entirely to the de- 
senptive and metaphysical stage. Its pnnapal exponent is Christian 
Wolff. To him IS due the distincbon between rational and empincal 
psychology, — the former pnnapally concerned with the metaphysical 
foundation, the latter with the description of the facts of psychology. 
He also mtroduced the concept of mental faculty, not only as a 
pnnaple of classification of psychical processes, but as a ground of 
explanation. His successors devoted most of their attention to mnpitical 
psychology; and there arose in the second half of the eighteenth 
century a whole senes of treatises upon “Erfahrungsseelenlehre’’, 
which looked upon the descnption of mterestmg details as the prmapal 
aim of psychology. It may be said of all these works that they did 
not establish a single psychological uniformity of the concrete, 
scientific kmd. They are chiefiy filled with accounts of special cases, 
general depictions, and hypothetical explanations. Nor did England 
and France do any better. Their p^chologists busied themselves, for 
the most part, with psychological epistemology or the psychology of 
knowledge: psycliolugy itself that is, was interesting only for the 
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mfoimation it could give of the process of knowledge, the formation 
of concepts, of our ideas of external objects, etc. That is why the asso- 
ciation of ideas is the one phenomenon of importance which attracted 
the notice of English philosophers at the time. Psychology as an 
mdependent discipline had a comparatively late birth m England. 

8. Psychology being in this condition, we can understand how it 
was that Kant denied to it (as he did to chemistry for s imilar reasons) 
the rank of a science, and even attempted to demonstrate the impos- 
sibility of its ever becoming one. You carmot apply mathematics to 
conscious processes, he said, and the only scientific part of a study 
IS Its mathematics, nor can you make experiments upon other peoples’ 
minds. The removal of the former objection is one of the services 
rendered by Herbart to psychology. Herbart pointed out that psychical 
phenomena vary not only in tune but in intensity, and that in virtue 
of these two ‘dimensions’ they are amenable to math ema tical treatment 
His second great service is his annihilabng cntidsm of the view that 
the specification of mental faculties and the reference of particular 
facts of consciousness to them were m any sense steps toward explanabon 
Nevertheless, the Herbartian psychology (Hartenstem’s edibon of the 
Sdmmthche IVtrkt, vols. v. and vi.) belongs to the first of our two 
schools. It is based entirely upon a metaphysical foundation. Ideas 
are the only real states of the simple mind, which by their means 
maintains its integrity as against other simple existences. When they 
appear in consaousness, they do so m the guise of forces, reinforcing 
or inhibiting one another The results of this interplay are changes 
in the intensity of mental contents For these, Herbart has sketched 
the outlmes of a statics and mechamcs of mind, in which the ideas 
(certain hypotheses being granted) function as mathematical quantities 
But the laws to which this most ingenious construction leads are purely 
theoretical, hardly admitting of application to any case actually realised 
in experience; and the whole attempt was naturally tentative and 
crude It was left to one of Herbart’s numerous disaples to bring 
the plan somewhat nearer completion (Drobisch : Enle Grundlthren dtr 
mathematuektn Psychologit, 1850). He himself was but little concerned 
with the accurate analjrsis of subjectified experience, and his whole 
psychology stands and falls with his metaphysics. A far larger proportion 
of space is allotted to the discussion of empincal facts in certain of 
the most noteworthy works of the Herbartian school, some of which 
have also laid stress upon the importance of the relation of mental 
to bodily, especially nervous processes These are: 

M W. Drobisch, Emptruche Psychologu, r84S. 

Th. Waite, Lekrimeh der Ptychologie alt Wusentchaft, r849. 
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W Volknunn, leArhiek dtr Psydultgu, fourth ed , 1894. 

H Steinthal, EtnUttung im du P^thohgu und Spnukmstttuckaft, voL I., second 
ed., 1881. 

Volkmann’s is the fullest of the four. It embodies many of the 
results of expenmental and physiological psychology, contains elaborate 
histoncal excuisus, and gives numerous references to the literature — 
A very acute and suggestive book, written from a standpoint similar 
to that of Herbart, but expressly disclaiming any metaphysical parentage, 
IS Th. Lipps’ Grundtatsachtn des Setlenlebent, 1883. The author has 
rigidly excluded physiology and psychophysics from his pages, thdugh 
not upon ultimate theoretical grounds, and in place of them has 
made free use of the unconscious as a psychical value, without, 
however, attnbuting a metaphysical significance to it. He accepts the 
experimental method, and utilises the results of experimental inquiry. 

9 Another reformer of psychology, besides Herbart, was Beneke 
{Psychologtsche Skuzm, 1825-7, Lthrbuch dtr Ptychologie als Natur- 
wmemchafl, fourth ed., 1877) Beneke aimed at giving an empincal 
account of the elements of mmd, but found these not in quahtatively 
simple conscious processes but in certain formal capacities, which he 
called ‘primal faculties’. The unconsaous looms as large m his pages 
as m Herbart’s, and his discussions are for the most part equally 
theoretical, without showing an equal regard to exactness and logical 
coherence. His work was, therefore, rather stunulating than funda- 
mental. — The English psychology of this century is generally known 
as the ‘association psychology’, from its predominant interest in the 
processes grouped under the rubnc of 'association of ideas’. It contains, 
however, httle more than descriptions of complex states. In its most 
recent form, it is strongly influenced by the doctrine of evolution, the 
analogy of physical and biological differentation being carried directly 
over to the domain of mental phenomena. The prmcipal English 
psychologists and their writings are as follows 

James Mill, Anafysu ^ ike PhenomtHa of tie Human Mind, third ed., iSfS, 

A. Bam, Tit Senses and the Intellect, 1855 ; fourth ed , 1894. 

,, The Emotions and the Will, 1859; fourth ed., 1886. 

H. Spencer, The Principles of Psychology, 1855; third ed., 1881. 

An entirely different hne has been taken by F. Brentano Piycho- 
logte vom empiruchtH Standpunkte, vol 1 , 1874. This author holds 
that the contents of sense-perception are ph)rsical phenomena, while 
ideation, judgment, and love and hate constitute the psychical pro- 
cesses. Such a psychology— though we must remember that no more 
than an introduction has as yet been published— cannot be either 
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psTchophysical or experimental; indeed, Brentano himself terms it 
descriptive. And we can see that ideation is certainly not a 
special psychical activity, experienced along with ideated contents, 
but a concept, which may cover processes of very different 
kinds. Moreover, the simplid^ of the other two classes is more 
than doubtful. 

I a The experimental and p^chophysical movement in psychology 
began in Germany about the middle of the last century: Herbart 
had asenbed to ffie body a threefold influence upon psychical states . 
It exerted 'pressure* upon them, it developed a ‘resonance* concomi- 
tantly with the occurrence of certain mental exatations, and it co-oper- 
ated with the mind m action But the thorough exploiting of the 
psychophysical pnnciple b^an with H. Lotze and his brilliant work, 
the Medtztnuckt Ptychologit (1852). It is true that Lotze, following 
previous German usage, began his psychology with metaphysical 
prolegomena, and that he is still very far from the thought of a 
muversal psychophysical parallelism. But, nevertheless, he speaks 
without any orcumlocution of the nervous conditions of psychical 
processes, and is happy in hypothesis, where knowledge of the hurts 
is not available. We need only mention his hunous theory of local 
signs, which still possesses much more than a historical interest. Al- 
though the empincal portions of the work are for the most part anti- 
quated, it may be strongly recommended to the student of to-day for 
its clearness, strictness of method, and suggestive manner He should 
read with it the bnef Ouibnts of Piyckology (1881; dictated portions 
of lectures of a later period), which has seen several editions. — 
The deciding impulse to the experimental movement was given 
by £. H. Weber, chiefly by his valuable article, Tasistnn uni 
Gomeingefihl (Wagner’s Handvoorttrbuck der Phyiwlogxt, vol. m, pt. 
2; also published separately, 1851). This paper contains the first 
systematic experiments made in the psychology of the senses, and 
deduces firom them a uniformity of general validity. The experi- 
ments themselves were earned out and partly published twenty years 
earlier. 

II. But the actual foundations of an experimental psychology 
were laid by G. Th. Fechner, whaan EUmente dor Rychophysti {iQfxi-, 
second ed., 1889) was an attempt to cany through m detail the idea 
of a functional relation between physical and psychical processes. 
Though the particular mathematical form in which Fechner couched 
this relation is not now r^arded as universally valid or even as pos- 
sible of application to a complex of so many variables, we can hardly 
overestimate his services to scientific psychology. The concepts which 
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he introduced, the methods which he worked out in theory and ap* 
plied in practice, his penetrating discussion of die empirical material 
already gathered, and his vast enrichment of it by personal observa- 
tion and expenment, combined to give an extraordinary impetus to 
psychological study. Of his later works we may mention the Rtvtswn 
dtr Hauptpunku dtr Ptyckopkvitk (1882), which supplements the Ek- 
mtnU, especially upon its methodological side. — Fmally, the union 
of the experimental and psychophysical directions was efiected by 
Wilhelm Wundt, less in his first important work, the Vorluungtn ahtr 
MenscJun- und Thttrtteh (1863; second ed , considerably altered, 1892 ; 
Eng. trs., 1894) than in the classical Grundzugtderphytiologuchen Psycholo- 
gM (1874, fifth ed , 1902-35 Wundt’s combination of the two movements, 
and his comprehensive discussion ot all psychical facts,— which it lay 
beyond Fechner’s power to give, — have resulted in what is ordina- 
nly termed ‘modem psychology’. His great work has thus become 
the text-book of the saence, without having lost that individual 
character which such a book must present so long as we are referred 
to hypothesis upon so many matters of detail, and views of the clas- 
sification and presentation of psychological subject-matter remam so 
divergent Wundt further gave the most efiective impulse to the 
systematic study of experimental psychology by his foundation of the 
leipsic laboratory m 1879, and of the Fhtlosophutht Studun (an organ 
principally intended for the pubbcation of researches made there) 
m 1881; 

12. In conclusion we may enumerate certain quite recent works, 
whose general character places them within the domain of this modem 
psychology of which Wundt is the founder, however widely or radi- 
cally the details of system and theory in any one may difier from those 
to be found m the Phyttologisch* Ptychologi* or in the other books 
upon the list. 

H, Heffding, Ptyckologu m Omrtssen, 1887, gecond ed., 1893, m Gennan. 
Eng. trs., 1891. 

G. T, Ladd, EkmenU of Physiological Psychology, 1887. 

a Psychology, Descriptive and Explanatory, 1894. 

G. Sergi, La psychologic phystologiqtu, 1888, from the Italian. 

W. James, The Prisictples of Psychology, 1890. 

Th. Ziehen, Lntfaden dcr physiologuchcn Psychologic, 1891, seventh ed., 1906. 
Eng. tt., 1892, second ed., 1895. 

J. M Baldwm, Hasu&oei of Psychology, 1891. 

J Sully, TTu Human Mind, 1892. 

The following periodicals are especially devoted to the interests of 
this psychological movement: 
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PkUettphiKkt Studten, edited \r/ W. Wundt, 1883-1903. 

Psyth»loguch 4 Stmditn, edited by W. Wundt, igo6 ff 

Tkt Bnttsh Journal tfP^ckohgy, edited by J. Ward and W H. R RiTen, 1904 ff. 

Arck^.f. d. gtzamtt PsychtUgu, edited by E. Menmann and W. Wuth, 1903 ff. 

Tkoulmaruan Journal of Ptyclukgy, edited \ 3 j G. Stanley Hall, E C. Sanford and 
E B. Titchener, i88y ff 

ZtttschrtftfUrPsychologiouHdPkynologu dor Stunotorgant, edited by H. Ebbmghaus 
and W. A. Nagel, 1890 ft 

Tho Psyckoi(fgieal Rometo, edited by J M. Baldwin and H. C Warren, 1894 ff 

In the four last will be found a critical digest of current litera- 
ture. 

Spiecial works, dealing with parfacular depsuiments of psychology, 
will be named in their appropriate connection at the end of each 
chapter We mention only the most important, or those which give 
full references to the hterature of their subject 
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Section i. Sensations. 

Chapter I. The Analysis op Sensation. 

§ 4. The Attributes of Sensation Sensitivity and 
Sensible Discrimination. The Classification of 
Sensations. 

1. A sensation is a simple conscious process standing in a relation 
of dependency to particular nervous oigans, penpheral and central 
(§ 3' 3)* Bui despite its qualitative simplicity, a sensation may be 
compared with other sensations in respect of certain attnbutts which 
attach to it. A given pressure sensation, for instance, may be more 
vivid, more lasting, and more extended, than another, though it is of 
the same kind or quality. These attributes are characterised (i) by 
their inseparability from the sensation. Every sensation of pressure 
possesses, over and above its specific content, a certam strength and 
a certain temporal and spatial character We need not necessarily 
pay particular attention to all the attnbutes m all cases; but they are 
never absent and can be noted and determined as circumstances 
require. ( 2 ) Further, the nulhfication of any of the attributes involves 
the disappearance or cessation of the entire sensation A pressure 
sensation which is unextended, whose duration or intensity is zero, 
or from which the quality is abstracted, simply ceases to be a pressure 
sensation. Sensation, that is, is not something to which attributes 
are added ; it does not imply a substrate or substantial nucleus, upon 
or around which they are grouped. It follows, accordingly, that a 
complete description of the attributes of sensation is equivalent to a 
complete description of sensation. 

2 . Applying this criterion to sensation, we have to predicate of it 
four attnbutes quality, mtensity, duration, and extension Quality is 
the property which characterises the simple consaous process as such. 
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and in this sense may be regarded as the most fimdamental of all 
It distinguishes ‘blue’ from ‘red’, ‘sweet’ from ‘bitter’, ‘warm’ from 
‘cold’. The other attnbutes all refer to it; mtensity is the intensity 
of a certain quality, and so on. Intensity itself is the property of 
sensation which enables us to compare it with others in respect of 
vividness; and duration and extension des^nate respectively its elementary 
temporal and spatial character. Thus a taste may be ‘very sweet’ or only 
‘sweet’; a sensatioii of warmth may be of greater or less duration; 
a ‘blue’ may be a blue of greater or less extension. In general, it 
may be said that all four attnbutes admit of isolated variation, so that 
we can formulate their laws independently. Quahty, however, is 
peculiar in this respect. For alteration in quality means transition to 
new sensations ; while if quality is left intact, and the other attnbutes 
are altered, the sensation appears to remain the same. This is another 
proof that quality is of the very essence of sensation. It represents 
the solid foundation, so to speak, which underlies the variability of 
the other properties. When we come to ask how many sensations a 
sense-organ mediates, therefore^ we shall simply inquire as to the 
number of qualitatively different sensations. 

3. Not every sensation possesses all four attributes. Quality, of 
course, attaches to all alike; and duration, too, may be predicated of 
all. But extension belongs only to the visual and cutaneous sensa- 
tions. If we speak of the ‘extension’ of tones, scents, or tastes, we 
are either using the term allegorically, to express the magnitude of 
the effect which they have upon us, or employing it in a secondary 
sense, to indicate the spatial character of the objective condibons of 
the sensations, or that of other sensations or ideas, visual or cutane- 
ous, which we associate with them And intensity cannot be ascribed 
to sensations of sight, since any alteration or modification, whether 
of the intensity of the physical stimulus or of any other of the elements 
in the determination of sensible intensity, brings with it an alteration 
in quahty, xx, a transition to new sensations The proof of this 
must come later (§§ 17 ff); here we can do no more than note the 
fact. There is naturally no reason a priori why all the three attrib- 
utes should attach to every sensation, over and above its essential 
and characteristic quality. We must appeal to experience, to discover 
whether variations m intensity, duration, and extension, occur in a 
particular case. As a matter of fact, cutaneous sensations form the 
only class which allows of isolated variation in all three duecdons. 

4. Our analysis of sensations must extend to all the attnbutes which 
are capable of separate consideration We must determine their quality, 
compare their d^ees of mtensi^, investigate their temporal and 
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spatial characteristics. The instrument of this analysis was denominated 
by Fechner tnutbU discrirntnahon. We speak, therefore, of a qualitativ*, 
inUnttvt, exttnsivt, or temporal sensible discrimination, according to 
the attribute which we are subjecting to analysis. It is impossible to 
arrive at an absolute determination of the various sensation attributes, 
recourse must always be had to their comparison with others That 
is to say, our determinations of sensation can never be more than 
relative, and this is why sensible discnmination, the capacity of the 
mtercomparison of sensations, is our sole instmment m the work of 
analysis. If we could obtain an exact account, in physical and 
chemical terms, of the nervous processes upon which we suppose 
sensations to be directly dependent, onr results could be made absolute. 
It, we could describe sensations independently of their relations to 
other sensations. As it is, we find some compensation for our ignorance 
in this respect, in the relation of sensations, under their various attnb- 
utes, to the corresponding properties of stimuli. Such a relation 
presupposes, however, that the nervous excitations running parallel to 
sensation stand in a wholly uneqmvocal causal connection with the 
external stimuli; and the facts give only an approximate verification 
of this hypothesis. The modification of particular excitations consequent 
upon the state of the nervous tissue, — ‘nervous excitability’, as it is 
called, — and upon the influence of other simultaneous excitations, is 
an important factor in the determination of any definite parallel process. 
The same stimulus may produce different central excitations, different 
stimuli the same central efiect. So that, evidently, an objective 
measurement of psychical processes such as would allow of their 
absolute formulation in defimte terms is, at present, out of the ques- 
tion, and could seldom be directly made in any case. We must, 
therefore, have recourse in the first instance to introspection, in our 
attempt to define our sensations. And we know that the results of 
introspection must necessarily be relative, because the psychologist 
cannot refer his conscious processes to a standard of comparison, like 
the metre-rod of the scientist. If we ate hying to determine the 
different noticeable shades of a colour, we must compare them with 
one another or with remembered colours; if we wish to fix the intensity 
of a tone-sensation, our only standard of reference is other tone- 
sensations; if we attempt to describe the temporal or spatial character 
of a pressure sensation, we must have other pressure sensations with 
which it may be compared and contrasted. 

5 The phrase ‘sensible discrimination’ must not be taken to denote 
a faculty of comparison, in the sense of a peculiar conscious process 
existing alongside of the various contents. It merely expresses, in the 



ia DOCTRINE OP ELEMENTS: SENSATIONS. 

fint initancc, tiie general fact that we have diflferent experiences and 
experience them differently; in other words, it covers the mtrospection 
of different contents and the report of their difference. All the conditions 
which affect introspection in general will, therefore, affect sensible 
discrimination. But we also use the phrase to indicate our expenence 
of like contents, and our report of their likeness. Our judgment of 
two colour sensations as like, 1 1., our ascnption to them of the same 
quality, is just as much a function of our sensible discnmmation as is 
our judgment that they are different because they occupy different 
places.— Sensible discrimination, then, has so far given us very general 
results; when we judge that two conscious processes are ‘hke’ or 
‘differenf, we bring them, as it were, under the most comprehensive 
laws of thought stated by formal logic, the laws of identity and 
contradiction. But the mere determination of difference, without any 
exact specification of its nature and magmtude, would not take us 
very far We therefore employ the experimental method to brmg us 
to close quarters with the former question, and a number of special 
appliances (of which more later) to assist us to an answer to the 
latter. 

6 Our definition ofsensible discrimination comprised two processes 
the experiencmg of contents, alike or different, and the report of their 
likeness or difference The first of these is plainly the prerequisite 
of the second But it is a question whether we may assume that the 
report m language (we may abstract here firom other means of de- 
scnpUon) is in every case a simple restatement of Ihe process experienced , 
whether, that is, the two forms of sensible discrimination, the direct 
and the indirect, may be taken as always equivalent It is a question 
whether we may assume that the judgment ‘equal’ may be invanably 
trusted to reflect equahty of sensations, and judgmenU ‘greater’ 
and ‘less’ corresponding relations between sensations. An analogy 
will make this clearer. Helmholtz has laid it down that sensations 
aie symbols from which the student of nature infers the objective 
existence of natural processes, and not copies of these processes. He 
cannot assert, therefore, that like sensations are always the symbols 
of like objective facts, or that a particular difference in sensations 
necessarily signifies a corresponding difference of physical or chemical 
processes. Now the linguistic symbols which the psychologist em- 
ploys might stand in a precisely similar relation to the facts of 
expenence, — might, that is to say, be equally untrustworthy as means 
for thdr expression. If this is really the case, the further question 
arises, whether the psychologist can hope for as Jt/dfcp a measure of 
succeu m his attempt to correct the errors of judgment as has fallen 
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to the lot of the sdentist in so many phases of his straggle with the 
disparity of appearance and reahty in nature. 

7. Now there can be no doubt that deceptions of judgment occur, 
< e , that the contents of our knowledge of a given fact is not always 
adequate to the nature of the fact itself. Not only do we ‘overlook’ 
things m ordinary life, but we are not seldom the victims of illusion, 
due to the incongruity between the direct and indirect sensible dis- 
cnmmation. Besides which, the discrete symbols of language are 
often unable to cope with the contmmty of mental occurrence (cf §. 2. 1 1). 
And It happens to all of us quite frequently to halt for words which 
shall do full justice to an experience, and to end our description 
while we ourselves realise its insufficiency. These difficulties we can 
overcome very effectually by help of the experimental method, which 
is precisely adapted to meet such cases (cf. § 2 5, 6, 7). But they do 
not exhaust the list of possible incongnuhes between experience and 
description of experience. For the relation of the latter to its original 
may be subsumed to a general psychological concept, usually spoken 
of as ‘association’ or ‘reproduction’, the linguistic symbols are 
‘reproduced’ by the sensations, whether they appear in consaousness 
as visual ideas or auditory ideas or ideas of movement {it,, of the 
movements involved m speaking or wnting). Bnt the various relations 
set up m this way cannot, obviously, all be exactly alike Some 
expressions will be readily reproduced, others with difficulty; we have 
in the literature a whole series of mvestigations in which these differ- 
ences are dearly manifest. Moreover, it is exceedingly questionable 
whether any and every alteration in a sensation-attnbute can call up 
a corresponding judgment, or whether a certam amount of difference 
must not be present before the reproduction of the phrase appropri- 
ate to it is possible These are difficulties, it is plam, which cannot 
be so easily overcome. Our only appeal is again to the experimental 
method, and up to a certain pouit the method responds to the appeal 
We can obviate irregularity of reproduction by special practice, and 
we can tell when a defect in our record is due to such irregularity 
But not even experiment can render the indirect semiible discrimmation 
fully adequate to the direct. It would be well if this feet received, 
as it certainly deserves, more attention than it has hitherto attracted 

8. It IS oftentimes necessary, if an investigation into sensible 
discrimination is to lead to the discovery of laws and uniformities of 
general validity, that it should be accompanied by an examination of 
ttnttltvtfy, that is, the bare capacity of experiencing and communicating 
sensations. We may subdivide sensitivity, according as it has reference 
to a whole sense department or to individual sensations In the first 

3 
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case it is known as modal ttnsitimfy, and is measured by the number 
of sensations given with or possible to a particular sense. In the 
second, it may be termed iontibtlity (the word is current in this 
meaning in pathology), and is measured in terms of the attributes 
predicable of the separate sensations. We can, therefore, speak of a 
quabtativ*, tnftnnvt, txUnnvt, and Umporal sensibihty, as well as sensi- 
ble discrimmation. To give an example the modal sensitivity of the 
skin is deteimined when we have enumerated all the simple quahties 
or different sensations which can arise from cutaneous stimulation. 
When a sense embraces a large number of different qualities (sight 
and hearing, it becomes necessary to preface this enumeration 
by a statement of the limits of stimulability. We have an ‘upper* 
and ‘lower limit’ of sensations of colour and tone; t.t., limits, beyond 
which in either direction stimulation is ineffective The relation of 
sensation to stimulus is also turned to account in the determination 
of sensibility, and generally for the ascertainment of limiting values. 
Thus it would be a test of quahtative sensibility to mquire how many air 
vibrations are required for the perception of the pitch of tone to which their 
penod corresponds. In the same way, we seek to discover the least 
mtensity, duration, or eztensity of a stimulus which can evoke a 
sensation. These just sensible minima of stimulation are called 
hmons [']. 

9. Om definition leads us to distinguish, further, a dtrte/ and an 
tndtnct sensitivity. What has been said above of the corresponding 
forms of the sensible discnmination holds equally of the two kinds 
of sensitivity. We find, as we should expect, an mcongruity between 
them. It is to be remarked that we have as yet said nothing of what 
might seem to be properly termed ‘indirect’ sensitivity and sensible 
discrimination ' —a judgment of sensations or differences between sensations 
formed not from the expenences themselves, but by the application of 
extraneous cnteria, furnished, it may be, by other sensations, or by 
previous knowledge of the facts and their relations The mcongnuty 
between this and the direct processes needs no demonstration. An 
illustration of it is afforded by our judgment of the distance of an 
object from the eye as inferred from the distinctness of its outlme, 
which is empincally mediated, and not derived from any ‘sensation of 
distance’; or by that of the direction from which a sound comes to 
the ear, which is not referable to any pecuhar spatial characteristic of 
auditory sensation. There is great danger of confusing these judgments 
with those of the direct and indirect sensitivity and sensible discrimina- 
tion m die strict meaning of the terms, and it can only be avoided 

[>] Latin Kmtn, a threaholdl. 
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by especial caie and caution in analysis, whether observational or 
ezperunental. 

10 Sensations stand in definite relations of dependency to certain 
penphetal and centra) organs of the nervous system. Their hrst 
arousal appears to be correlated, without exception, with the stimulation 
of the peripheral organs Afterwards, however, they may enter consaous- 
ness by 'he central path We may base our classification of tentattont. 
then, upon this difference in their bodily conditions, and divide them 
into ptnphtrally exciUd and centrally excited The former obviously 
involve a central excitation as well, but the latter need no peripheral 
excitabon to cause the central The two classes must be treated 
separately, as they normally present characteristic differences. Within 
each class we shall examme the vanous sensation-attributes in order 
It will, however, be convenient to defer the consideration of extension 
to a later period, since (i) only two senses possess the attnbute (§ 4. 3), 
and (2) It IS best to deal with all our spatial contents and judgments 
in connection. And for this latter reason we shall also postpone our 
discussion of duration, till we can examine all the temporal characterisbea 
of consaousness in a single chapter There remain two sub-sections, 
dealing respectively with the quality and intensity of sensation. Finally, 
it IS desirable to arrange sensations according to sense departments, in- 
asmuch as differences in the bodily organs must mean very considerable 
differences in the character of sensations. We shall, therefore, 
consider the cutaneous, visual, auditory sensations, etc., in turn, as 
separate classes This is the only unequivocal pnnciple of class- 
distmeUon among sensations, which has an indisputable foundation in 
the facts. 

Out reuon* for not co-ordinating aflfective tone, i.« , the pleasantness or un- 
pleasantness of a sensation, with the four attnbutes mentioned in the text, will be 
adduced at a later stage (g 34. 4). — ^It may seem that the determination of 
sensations is not always so lelaUve as we have made it Thus it is undoubtedly 
possihle to express certain qnaliUes, as those of taste or of cutaneons sensations, 
in absointe terms, trained musicians sometimes possess an absolute memory for 
tones Moreover, we can give an absointe designation of the spatial form m which 
visual sensations present themselves, provided that it allows of the application of 
some familiar geometneal name. And speaal practice culminates m a very great 
accuracy m the absointe determinabon of intensiUes, time-intervals, and distances. 
But (i) these are all exceptions, either fallmg within especially favoured sense- 
departments, in which there are but few quahties and no continuons transition 
from quality to quality, or formmg only a comparatively small proportion of the 
whole number of available qualities, degrees of intensity, and temporal or spatial 
standards (2) The capaaty of absolute designation arose by way of compaiina. 
Every system of names is based upon the determination of distinctave marks, and 
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tlimt cui be bated only npon oompanion This does not mean, of course, that 
when the connection between name and contents has been firmly estabhshed the 
leprodncbon of the name must always be mediated by the original compansou 
(3) Absolute designation is always assisted by relative, while the reverse is hardly 
ever the case. Thus the absolute denomination of the pitch of a tone is aided 
by Its relation to other tones given m memory or perception , whereas the rela- 
tive determination of two different pitches could scarcely depend upon the absolute 
denomination of either or both. (4) The capaaty would be of httle servKe for 
psychological purposes, for the following reasons (a) It would always be neces- 
sary to provide a special check of its rehabihty m a paiticnlar case, smee error 
IS as possible hero as elsewhere in association. (S) Its mfrequent development 
would necessitate a special and elaborate trainmg, which would, after all, prove 
useless m many cases, (c) There is simply no guarantee, so far as we can see, that the 
denominations of definite experiences by different mdividuals would have the same 
significance for all With these considerations m our minds, we shall hardly be 
obbgcd to qualify the remarks made above (§ 4 4). Sensitivity is the smgle rubric 
under which absolute detcrmmation can find a place But sensitivity is ascer- 
tained and measured solely by its relation to stimulus-magnitudes , and this proced- 
ure m.skes only an indirect contnbubon to the analysis of sensation and its 
properties. 

The classificabon of sensabons by the external stimuli which evoke them, as 
sensabons of ‘light’, ‘sound’, ‘pressure’, etc., cannot be accepted, for the reason 
that the sensations so denominated do not stand in any unequivocal relabon to 
the exating stimub. ‘ Light’ sensabons, for instance, can be produced by mechan- 
ical or electrical sbmulabon of the opbc nerve 

Even less tenable is the point of view which makes sensabons the psychological 
symbols of olijccbve iacts or processes, and leads to their classification as sensabons 
of ‘movement’, ‘weight’, ‘bme’, ‘space’, and soon Qualities of the most various 
kinds can do the psychologist this secondary service of symbolism for one and 
the same object We do not deny that a psychology of knowledge would find 
the point of view v.sluable, and mdeed be compelled to ask how far particular 
sensabons or complexes of sensations have acquired or can acquire this significance 
for the denomination of objecbve lacts But where sensabons are to be treated 
as simple conscinus processes it is indifferent, if not misleading. 

It has sometimes been stated that sense-departments can be discriminated by 
the fact that sensabons of -ny one sense form .1 conUnuous senes, while the 
sensabons of disparate senses arc wholly unconnected The statement is not quite 
correct There appear to be no transihon stages between the qualities of taste, or 
between those of pressure and temperature. 

§ 5. General Conditions of Sensitivity and Sensible 
Discrimination. 


I. The general capacities of sensing, and of experiencing like and 
different contents — that 1% the direct sensitivity and sensible discrimi- 
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nation — may be supposed to be approximately the same in different 
individuals, provided that certain of then condibons (of which more 
m a moment) are kept constant. The capaaty of reporting upon ex- 
perience, on the other hand, will naturally vary very considerably. It 
is therefore commoner, perhaps, in psychological investigations of sensi- 
tivity and sensible discrunination than m any other department of 
scientific inqmry, that different observers reach qmte divergent results 
The discrepancy is not due, as a rule, to mdefinable ‘individual differ- 
ences’, but to differences in the object with which the various observers 
entered upon their research, and cousc-quent differences m their ob- 
servations of the same set of facts. The first great prerequisite of 
fruitful investigation into sensitivity and sensible discrimination is, then, 
a clear and precise formulation of the question to be answered, and 
a comparison or comparative evaluation of the reports m which 
answers obtamed under similar conditions are given E H. Weber 
tested the ‘cutaneous space sense’ by applying the two points of a pau 
of compasses to the skm, and ascertaining how far apart they must 
lie for the two sensations to remain (descending series) or become 
(ascendmg senes) just noticeable as two Since his day, innumerable 
experiments of the same kmd have been made for the same puqxise, 
both with normal and pathological subjects. But what connection is 
there between the ‘ just noticeable duality ‘ of sensations, and tlie just 
noticeable cutaneous distance or extension ? No satisfactory examination 
of the mterrelation of these two judgments of noticeability has been 
made up to the present tame; and until it has been made, we have 
no nght to Speak of the experiments as tests of the cutaneous ‘space 
sense’. It would not be difficult to collect a large number of similar 
instances of incongruity between the direct and indirect sensitivity or 
sensible discrunination, due to inaccuracy of preliminary formulation 
or subsequent interpretation. The remedy, however, is in our own 
hands, and such cases have nothing in common with the difficulties 
discussed above (§ 4 6, 7, 9) 

2 There are three sets of conditions which affect the direct and 
mdirect sensitivity and sensible discnimnation alike. The first is 
that of 

(i) Aitentton — It follows from onr definition of this state of con- 
sciousness (§ 2. 3) that Its various d^ees will influence both the direct 
and the indirect sensitivity and sensible discrimination The greater 
or less vividness of sensations in consciousness will evidently affect our 
mtrospection of themselves and then differences ; and their greater or 
less reproductivity will siimlarly affect the certainty and adequacy 
of then descnption. A general rule may, therefore, be formulated, to 
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the effect that, tht greater the attention, the greater are our teneitivi^ 
and tennbie ducnmtnation The influence of attention is so consider- 
able that It IS absolutely necessary, if observations are to admit of 
mtercompanson, that we keep it constant throughout the senes. Now 
the only degree of attention which can be experimentally maintained 
with anything like certainty, is that of complete concentration. Eveiy 
observation, then, must be made under this condition: m all cases 
where the influence of attention is not itself the object of investigation, 
the rule will hold that the direction of the attention must be constant 
and Its degree maximal. As a matter of fact, however, fluctuations 
both of direction and degree are inevitable The attentive exammation 
and careful judgment of like expenences at short intervals through a 
whole series of expenments are very fatiguing. Consaous distraction 
or diminution of the attention may be checked by accurate introspection 
on the part of the observer, who must put a special mark against 
judgments formed under unfavourable conditions, to distinguish them 
from the rest On the other hand, the many unnoticed fluctuations 
of the attention will lead to at adental errors of observation, which can 
only be elunmated— as m the natural sciences — by mathematical treat- 
ment of a very large number of expenments. Unless the record shows 
a constant mcrease or decrease of sensitivity or sensible discrimination, 
it may be assumed that these accidental variations are equally grouped 
about the true, t the mean value. Let ct, (}, y, . . . . be errors of 
observation due to acadental fluctuations of the attention, and causing 
the hypothetically true value B to vary m both the positive and negative 
direction, and let the sum total of the positive errors be equal to that 
of the native. Then B+p, .. .. will represent the expen- 

mental results actually obtamed, and (» being the number of obser- 
vations) we shall have 

(.g-H«)-K.g + <l)-Kg-hy) + .... 


In strictness, B should be termed not the true, but the probable 
value of the observation. 

3. All states of consaousness which modify the attention will 
naturally exert an mdirect influence upon sensitivity and sensible dis- 
crimination. Ill humour and depression generally mean distraction and 
dunmuhon of the attention; and any physical discomfort, headache, 
etc., is apt to have the same efiect. The greater the mterest taken 
in the work, the more actively and exclusively will the attention be 
directed upon it; whereas a conviction of the truitlessness or worth- 
lessness of the observations brings with it an involuntary relaxation of 
the energy of introspccUon and a curtailment oi description. Nervous 
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excitability capacitates a man for keen observation at the beginning of 
an experimental series, but makes him dull, and liable to all sorts of 
distraction, as the impressions are repeated. A conscientious observer 
will have to take account of all these elements in the inhibition or 
facilitation of his attention; and a skilful experimenter will gauge the 
quahty of his experimental subjects by the judgments which they record 
for him No specific directions can be given ; and m any case, nothing 
but experience could show whether they were being followed. The 
extraordinary instabihty of the mental equilibrium is a factor with which 
the scientist has to reckon only as a source of accidental, not further 
analysable errors, but of which the psychologist must take very par- 
ticular account. It presents itself to him both (i) as a sum of different 
processes affecting any given judgment and (2) as an independent 
object of scientific inquiry. A thorough analysis of its influence leads 
to a whole number of important results, of the kmd to which we have 
already called attention in our protest agamst the mechanical treat- 
ment of special questions (§ 2. 12) 

4 (a) Expectahon and Habttuatton . — Both of these conditions 

consist in a predisposition of consciousness. To ‘expect’ a stimulus 
or stimulus-difference is to prepare its introspection or the judgment 
appropriate to it This preparation can be accomplished m various 
ways by a favourable attitude and adjustment of the sensory apparatus 
(direction of gaze, accommodation for a certain distance, etc ), by the 
central excitation of sensations which antiapate the expected impression 
(idea of the stimulus or stimulus-diflTerence), by an espedal readiness 
for the application of the appropriate judgment (mental rehearsal of 
the nght sounds), and so on. Expectation, if directed upon the pro- 
cesses underlymg the observer’s report, must evidently increase sensi- 
tivity and sensible discrimination - for it is, in reahty, simply a preparatory 
attention. It faohtates the prompt and full concentration of the 
attention upon the expected contents. Without it the attention, if the 
phrase is permissible, might easily come too late, and find the sensa- 
tions already somewhat faded To ensure its uniform co-operation in 
the observations of a senes, it is customary to give a signal at some 
fixed interval before the appearance of the stimulus m each experi- 
ment, so that the subject’s rrund is prepared for its reception The 
interval between signal (a spoken “Nowl" or the stroke of an electnc 
bell) and stimulus is made so short that expectation just reaches its 
maximiim, without passing over into exhaustion, as it would do if the 
time were too long. The length of the interval is, of course, dependent 
upon the complexity of the necessary preparation, te , of the expen- 
ment. The sunpler the object presented to judgment, the shorter can 
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it be made. In many cases it has been found that 2 sec. is a good 
average time for the adjustment of expectation. 

5. What has been said above of the distraction and diminution of 
the attention holds also of the distraction and weakening of expecta- 
tion. The mtrospection of the observer must again furnish a check 
upon all conscious deviations from the norm; and the ingenuity of 
the experimenter must guard against such as would pass unnoticed. 
But since the contents of expectation may vary as well as its duection 
and intensity, we speak m expenmental psychology of a prottdurt with 
knoTohdgt (complete or mcomplete) and a procedure without knowledge. 
In the former, the observer has or is given full or partial knowledge 
of the purpose of the investigation. This procedure is always followed, 
foi instaince, when the functions of observer and experimenter are 
tombmed m a smgle person In the other case, the observer has no 
such knowledge. This procedure m its extreme form obviously implies 
that observer and experimenter are difierent persons. There are, natu- 
rally, a large number of gradations between the two; and neither can 
really be employed without some intemuxtuTe of its opposite. The 
procedure without knowledge, for instance, cannot entirely exclude 
knowledge of the circumstances of the experiment We may vary the 
magnitude of a stimulus-difierence, Z7, m a senes of observations, 
m such a way that the subject is qmte uncertam as to the direction 
and amount of its variation, but we cannot keep him in ignorance of 
the sense-organ to be affected and the kind of judgment to be made. 
The attnbutes ‘with knowlei^e’ and ‘without knowledge’, therefore, 
can be predicated m the stnct sense only of the particular object of 
the individual judgment. Indeed, it is not desirable that the procedure 
without knowledge should overstep these narrow limits. For in that 
case, the important preparatory work of expectation would be rendered 
null and void. 

6 It is impossible to make any general statement as to the compa- 
rative value of the two methods of procedure Each is important in 
its own place; but the two sets of results must not be confounded We 
may fairly assume that sensitivity and sensible discrimination will be 
greater m the procedure with knowledge. The more definite the 
contents of a correct expectation, the more easily must a stimulus be 
noticed and a stimulus-difference cogmsed. But both procedures 
leave the door open to certain errors. In that with knowledge, the 
impartiality of the observer may be more or less seriously affected. 
It IS fatally easy to substitute knowledge for perception, and so lose 
sight of the actual ibcts. The result is an artificial regularity of 
judgment, an artificial vakie of tiie sensitivity and sensible discrimination. 
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In that without knowledge, on the other hand, it is not always possible 
to prevent the intrusion of some kind of definite idea of the character 
of the object of judgment This idea may be right and may be 
wrong, and accordmg as it is the one or the other will effect an 
abnormal mcrease or dimmution of sensitivity and sensible discnmin- 
ation. The observations will consequently vary within somewhat wide 
limits And their variation will be rendered still greater by the natural 
uncerUimty of the subject, who has purposely been left m ignorance 
of tlie precise character of the experiment The method without 
knowledge, therefore, tends to rate sensible discrimination and sensi* 
tivity too low, just as the procedure with knowledge tends to put 
them too high. It is always needful to employ both, using each to 
check the other, and only decidmg after very careful consideration 
which offers the greater advantages m a given case 

7 By hahituatton we understand a tendency, taking shape in the 
course of a series of similar observations, to experience and descnbe 
perceptions of similar character All our voluntary actions become 
automatic after a certain number of repetitions, and both expectation 
and attention are dependent on the will Within any series of psy- 
chological exjjenments, therefore, we are apt to find a certain direction 
and degree of the attention growing habitual, and a particular category 
of judgment becoming preferred. Or if the method employed for the 
investigation of sensiUvity or sensible discrimination consists in the 
contmuous gradation of stimulus-magnitudes, habituation is apt to 
manifest itself in another way, — in reversal of judgment after a certain 
senes of ‘equals’ or ‘differents’ A very simple experiment will show 
the magmtude of its influence Let a number of comparisons be 
made with lifted weights, the second of each pair being kept constantly 
heavier than the first; and then let this heavier weight be replaced, 
in some term of the series — without the subject’s knowledge— by one 
which IS exactly equal to the first. The new weight will be judged 
to be noticeably fighter than the other. Here, as mdeed in most 
cases, the process of habituation is unconscious It has been techni- 
cally termed preduposition, in the sense of a predisposition of sensory 
or motor centres for a particular excitation or impulse. But uncon- 
saous predisposition is plainly only a sub-heading of habituation, as 
we have defined it there is no essential difference either between 
conscious and unconscious habituation, or between predisposition of the 
direct and that of the indirect sensitivi^ and sensible discrimination. — 
We cannot treat in detail of the long series of mdividual phenomena, 
all of the same general nature, which constitute habituation, any more 
than we could of the details of expectation; but we will speak of a 
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few points which bear unequivocally upon sensitivity and sensible 
discrimination 

8 An appreciation of the influence of habituation leads to two 
results, (i) A certain amount of habituation, such as is mduced by 
a brief senes of expenments, undoubtedly exerts a favourable influence 
upon the certainty of judgment, smooths the way for attention and 
expectation, and fadhtates the report of essential focts. Provided, that is, 
that Its direction does not bung it into conflict with objective conditions, it 
prevents any senous fluctuation of sensitivity and sensible discnnunation. 
(ii) But with too great habituation, the activity of comparison tends 
to degenerate into a mechanical automatism, which practically nulli- 
fies the efiects of attention and expectation, and dulls the subject’s 
interest in the individual experiment So that, if a ceitam amount of 
habituation is good, a larger amount is harmful. 

The same two results come out, if we consider habituation from 
the point of view of the agreement or dis<igreement of its contents 
with the object of j'udgment. (i) A large measure of habituation to 
a particular perception or report leads us to substitute for the estima- 
tion or comparison of the stimuli, as such, a j'udgment based upon 
their relation to the disposition which their accustomedness has brought 
about. The mconect judgment of the heaviness of the second weight, 
in the illustration given above, was largely due to the very natural 
comparison of the unexpected impression with that for which the 
subject was prepared Under these circumstances we cannot, of course, 
obtain reliable information of the powers of sensitivity and sensible 
discrimination ; we run the risk of basing our estimate of then: normal 
function, or our general conclusions with regard to the comparative 
judgment, upon results which are wholly fortuitous, and due to the 
artificial conditions of the experiment. Such results are in all essential 
points mcomparable with the others, and valuable only as indicating 
the great influence of habituation and predisjiosition. (ii) A small 
measure of habituation, on the other hand, is distinctly helpful to 
introspection, t e , increases the sensitivity and sensible discmmnation, 
even in cases where the stimuli and stunulus-difierences are variable. 
Here again, then, it rests with observer to take account of the source 
of error, and with experimenter to satisfy himself of its magnitude by 
a fitting disposal of his expenments The procedure without knowledge 
furnishes a key to both problems. 

9 (3) Practice and Fatigue . — We mean by these terms processes, 
which are ordinarily alike dependent upon the number of observations, 
but which exert diametrically opposite influences upon sensitivity and 
sensible discmnination. To practice is due a steady mcrease in 
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delicacy of perception and readiness of judgment; to fatigue a steady 
decrease in both The words are so familiar and intelligible that 
it is unnecessary to define them. The processes have received a good 
deal of attention in physiology, muscular practice and fatigue, in par- 
ticular, fonmng the subject of a large number of investigations. Prac- 
tice expresses itself psychologically (i) in an increase of attentional 
concentration, with all its accompanying advantages, and (ii) m an. 
increased capaaty of reproduction. In both cases we may speak of 
It as general or special General practice is equally valuable m all 
departments of inqmry The subject who has rendered conscientious 
service m any set of psychological experiments will have gained in 
power of observation and of judgment, quite apart fi-om the special 
faahty which he has acquired Special practice apphes only to the 
latter It is best, in embarking upon a new investigation, to secure 
the assistance of observers who have already had some general prac- 
tice; special practice must obviously be gained in the course of the 
experiments General practice m pumo-playuig, e^., does not by any 
means imply the capaaty of rendering a new composition at sight 
General practice mcreases in direct proportion to special; but the 
reverse is not necessarily true. 

We shall not discuss general fatigue, since it is well to exdude 
persons who sufier from it fi-om participation in an mvesbgation; 
unless, mdeed, it is one of the qpecial objects of the experiment to 
ascertain what kmd of report is made in a condition of general 
relaxation and exhaustion A special fatigue, consequent upon contm- 
ued occupation with the same problem, must show itself sooner or 
later, and is often operative before the subject has remarked its influ- 
ence. It expresses itself in an increasing uncertamty and inaccuracy 
of judgment, and consists (i) in a weakening of attention, and (ii) m 
a dimmished capacity of reproduction. Smce certain muscles are 
essentially concerned in the reception of sense-unpressions, it will be 
necessary to take account of then practice and fatigue, in accounting 
for increase or decrease of sensitivi^ and sensible discrimination. 

lo. The modification of sensitivity and sensible discrimination by 
practice and fatigue is very considerable Hence it is important to 
be sure that only those judgments are compared which were obtained 
under similar conditions in each r^aid. And this holds of the judg- 
ments of difierent persons, as well as of those of the same observer 
The question arises, therefore, how the two factors can be kept 
constant, or their variation checked, if variation is mevitable. (i) 
Fatigue can be combated with some measure of success, by judicious 
iinutation of the length of the experimental series, and carefiil appor- 
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tionment of recreative pauses between die separate experiments which 
it comprises, (u) Practice cannot be counteracted, and must, therefore, 
be accurately checked in every investigabon Its degree is estimated 
from a comparison of the particular expenmenis and experimental 
series, which show its progressive influence as more and more judg> 
ments are taken. It is now customary not to begin the experiments 
from which conclusions are to be drawn with respect to sensitivity 
or sensible discrimination until the maxiinal degree of practice has 
been attamed by the observers, and the different senes and experi- 
ments have practically ceased to vary witli its contmuance. No 
general rule can be laid down as to the number of expenments 
necessary for complete prcictice Where the problem is difficult and 
comphcated it will hardly ever be safe to say that maximal practice 
has really been reached. 

II. The last general condition of sensitivity and sensible discri- 
mination, but a condition of then mduect forms only, is to be found 
in the bodtlv (physiological) processes which mtervene between stimulus 
and sensation Our previous discussion has mvolved some reference 
to these mediating processes; but the concepts of ‘practice’, ‘attention’, 
etc., include beside them influences of a more central nature. We 
have, however, already mentioned predisposition; the seat of which 
may possibly be looked for m the lower bram centres. There remain, 
tha?efore, only the manifold variations of nervous excitation which 
occur m the peripheral sense-organ. Observations of the effect of 
stunulation at one pomt of skm or retina may not be compared off- 
hand with those of its effect at other points; sensitivity and sensible 
discrimination are largely dependent upon the place at which the 
organ is affected by light or pressure Again, the senses of sight, 
hearing, etc., evince a number of individual differences, peripherally 
conditioned, which are of great importance for theories of sensation, 
but which also serve considerably to modify sensitivity and sensible 
discnrmnation the unmusical ear differs in both respects from the 
musical, the colour-blmd eye from the normal. And, lastly, we must 
bear in mind all the umformities of relation which have been estab- 
lished from the physiological side for stimulus and excitahon These 
fsKits would naturally enter mto any appreciation of the capaaty of 
sensibvity and sensible discrirmnatioiu — We shall speak of these con- 
dibons more m detail as occasion requires. 
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I 6. The Measuremeot of Sensitivity and Sensible 
Discrimination. 

1. The uniform dependency of sensitivity and sensible discrimination 
upon all these various conditions renders it necessary (i) to make a large 
number of observations, and (2) to follow a rigorous method, if we 
are to obtain vahd results and successfully cope with distracting influences. 
The merit of having transfonned the scattered experiments of previous 
investigators into psychophyttcal mtatur*mtnt-m*thods belongs to Fechner. 
The methods which we employ to-day for the experimental treatment 
of sensations are in principle the methods which he formulated, although 
they have naturally undergone modification and expansion. But 
Fechner’s concept of psychical measurement, of the measurabihty of 
sensations, etc , gave rise to a controversy which still continues. We 
cannot discuss the points at issue m anythmg hke adequate detail 
within the hmits of the present book. It must suffice to give a bnef 
indication of the position taken up m the following pages. 

2. No one will maintain that we can measure sensations in the strict, 
i,e, spatial meaning of that term. For (i) they cannot be divided 
up into parts, — this sensation of ‘gray’ is not two or three of that other 
sensation of ‘gray’; and (2) there is no amount of sensation which 
can serve as the unit of measurement for all, smce we can neither 
set up any such unit, nor could apply it with certainty if it were set 
up. We cannot, therefore, measure sensations by reference to or by 
means of other sensations Neither can we, as things are, measure 
them by their functional relations to bodily proces.ses (cf. § 4 4). 
For (i) this would presuppose, at the very least, that we were able to 
conceive of sensations as divided mto parts and further to correlate 
these parts or degrees, which we had determined in idea, with physical 
measures. The sensation s would then correspond to a physical 
magnitude p; another sensation — say, 2s — to the magnitude 2p, and so 
on. But this method, however abstract we make it, is not applicable to 
sensations (2) Again, sensations are not so entirely at our disposal 
that we can parallel them directly with external conditions, without 
any mediation of comparison and appreciation If they were, we 
should not need to introduce such concepts as sensitivity and sensible 
discrimination, but could institute a direct comparison of sensations 
or sensation-differences and stimuh or stimulus-difierences There are 
two possibilities of measurement in natural science • the direct procedure, 
which formulates a process in terms of a conventional unit of its own 
kmd, and the indirect, which gives it a quantitative expression by 
noting its fimctional relaUon to some directly measurable process. 
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Mei^er is applicable to sensations. If we call what can be measured 
a ‘magnitude’, we must say, then, diat sensation is not a magnitude.— 
It may be remarked here that spatial magnitudes alone admit of 
direct measurement; and that the fundamental condition of exact 
measurement m natural science is, therefore, the establishment of 
unequivocal functional relations between spatial magnitudes and all 
other natural phenomena. 

3. But the objections which hold against the measurability of 
sensationB, at any rate at the present time, fall to the ground when 
urged against sensitivity and sensible discrimination. Direct measure- 
ment, of course, is impossible in their case: that is suffiaently obvious. 
But an indirect measurement is undoubtedly possible. There is no reason 
why we should not speak of a double or threefold sensitivity or 
sensible discrimination. And the judgments of sensitivity and sensible 
discnmination are, certainly, simple correlates of the objects judged. 
We measure a force by the velocity which it imparts, we measure 
sensitivity and seusible discrimination, not by sensations, — which are 
unmeasurable,— but by the stimuli or stimulus-differences which enable 
us to determine their capacity. This plainly implies that the verbal reports, 
which are to be correlated with the stimuli, possess a certam reliabi- 
lity. And experience shows that the condition is fulfilled m two 
cases only: (i) when the judgment is ‘like’ or ‘different’, and (2) when 
it IS ‘present’ or ‘absent’. Now, as a matter of fact, all tiie psycho- 
logical measurement-methods are bmlt up upon these two sets of 
judgments (and a few synonymous expressions), as passed upon stimuh 
or stimulus-differences. Upon their reliabUity, indeed, depend all 
kinds of measurement, including the direct procedure of natural saence, 
however delicate and accurate be the instruments employed to assist 
observation. We need hardly, then, bring any special arguments to 
justify their application in experimental pi^chology. They correspond 
to the widest of all the logical categones, identity and contradiction, 
being and not-being, and must, accordingly, be postulated in every 
branch of thought and knowledge It is often desirable, in view of 
the qiecial object of an investigation, to give them a more concrete 
form; and this usually suggests itself without difficulty. It is custom- 
ary, for instance, to indicate a d^nite kind of difference between 
two sensations by nammg one of them ‘greater’ or ‘less’. But this 
is no alteratjon in pnnciple; since the judgment could just as well 
have been a simple ‘ differenti, if previous explanation had been given 
of the nature of the comparison. 

4. The two terms in these two sets of judgments are not altogether 
upon an equalify as r^;aids contents. The predicates ‘ like ’ and ‘absent’ 
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are altogether unequivocal: their psychological meaning remains the 
same, whether they are asserted of sensations or of sensation-differences. 
But the judgments ‘difierent’ and ‘present’ may mean various thmgs: 
sensations and sensation-diSerences can be present and different in all 
manner of ways. They are, therefore, incapable of furnishing a 
measurement of defintU magnitudes. To obviate this difficulty, they 
have been employed in a very special form. The only ‘difierence’ 
and the only ‘presence’ which it has been attempted to ascertain are 
those which may be termed ‘just noticeable’, te, which constitute 
hmiting values between ‘different’ and ‘like’, on the one hand, and 
‘present’ and ‘absent’, on the other. In this way we obtain the 
concept of the just noticeable stimulus, as a measure of sensitivity 
(the mean between present and absent sensations), and the concept 
of the ]ust noticeable stimiihis-difference, as a measure of sensible 
discrimination (the mean between like and different sensations). It is 
clear that determinations of this kind cannot be made on the basis 
of the sensations themselves, but must be obtained indirectly, by special 
methods, from the mdicatons of sensitivity and sensible discrimination. 
The sensations or sensation-differences which we characterise as ‘just 
present’ or ‘just different’ have no intrinsic advantage over others in 
introspection. If we should try to determine them, without more ado, 
by appeal to mtrospection, we should be subject to the same mistakes 
and hesitations as we ^ould if we attempted to determine the half 
or double or threefold of a sensation or sensation-difference. It 
is only by the careful application of delicate methods that we can 
infer what is ‘just noticeable’ from general statements of the kind 
mentioned above. 

A further mea.sure of sensitivity and sensible discrimination is afforded 
by stimuli and stimulus-differences which evoke sensations or sensation- 
differences judged to be ‘like’. In any given case of measurement, 
accordingly, we find the predicates ‘like’, ‘different’, and ‘present’ 
fthe two latter in the special sense just explained) in direct application; 
while the judgment ‘absent’ is, naturally, apt to be apphed only 
mdirectly, — unless, mdeed, it be synonymous with the term ‘like’, as 
referred to a sensation-difference In other words, the use of the 
psychophysical mcdsurement-methods means the obtaining of stimuh 
and Btimulus-differeiices which appear ‘like’ or are ‘just noticeable’. 

5. The outcome of these considerations may be made clearer by 
a few concrete instances. If we find that a light of the mtensity i, 
directed upon the centre of the retma, produces the same impression 
as a light of die intensity f, directed upon some point in the lateral 
parts of the retma, we can formulate the result as follows: the sensitivity 



48 


DOCTRim OP ELEMENTS. SENSATIONS. 


in lateral stimulation stands to the sensitivity m central stimulation as 
I : or, is one-and-a-half times as great as the latter The judgment 

upon which this measurement is based is that of the apparent equality 
(likeness) of the stimuli. We could have obtained that equahty in a 
different way,— by the detennmation of the just noticeable brightness 
for the two retinal points. The higher the value of this brightness, 
the smaller would be the sensitivity which it measured : in other words, 
the magnitude of sensitivity is inversely proportional to the just notice- 
able or apparently equal stimulus-magnitudes. Again, we know that, 
other things equal, the intensity of a sound decreases as the distance 
of its source from the ear mcreases If we detennine the distance of 
the just noticeable sound for different observers, and find that A can 
just hear an intensity t, while B hears only an intensity 3, we may 
say that B's sensitivity for intensities of sound is only one-third as 
great as that of A. To test sensible discrimination we proceed m 
precisely the same way Suppose that two weights of 100 and 120 gr 
are found just noticeably different when they exert a pressure upon 
the palm of the resting hand, but that icx) and 104 gr can be just 
distinguished if they are lifted and ‘weighed’. The stimulus-differences 
stand m the ratio 5 i, and the sensible discrunmation in the first 
case is, consequently, only ^ as great as it is m the second In 
other words, the sensible discrunmation is inversely proportional to 
the just noticeable difference Again, if we find that two brightnesses, 
10 and II, present the same apparent difference as the brightnesses 
100 and no, we may say that the sensible discnminabon at 10 is 
ten times as great as that at 100 In other words, the sensible dis- 
crimination IS also inversely proportional to the magmtude of the 
apparently equal difference 

6 The just noticeable stimulus is technically termed the Utmulut 
Itmen, and the just noticeable stimulus-difference the difference Itmen 
The stimulus is generally denoted by the letter r [‘], the stimulus-differ- 
ence (r — r,) by the expression Ar (or D), the difference limen 
by S [•] For the stimulus limen we shall employ the symbol S A 
distinction is made — not very happily, as it involves the transference 
of relations which obtain between stimuli to the sensible discrimi- 
nation — between an absolute and a relative sensible discrimination. 
The magnitude A r or > 5 , absolutely r^arded, gives a measure of the 
absolute sensible discnmination; its relation to the stimuli for which 

the difference holds, or expresses the relative sensible dis- 
crimination. When two stimuli are compared, it is usual to keep 
[*] Rea B itunnhi*. [q Sckmell* ^ hmai. 
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the one constant while the other is varied The former thus becomes, in 
a sense, the standard, to which the variable is referred for determi- 
nation. It is accordingly termed the ttandard titmulut, as dis- 

tinguished from the stimulus of comparison, V[*]. The relative sen- 

Ar <S 

sible discrunmation is usually e^ressed in terms of N, as or ^ 

The aim of all measurement of sensitivity is the ascertainment of 
or the apparent equality (likeness) of two r; the aim of all measure- 
ment of sensible discnmmation that of S, or the apparent equality 
(likeness) of two Ar This difference in the objects of the measure- 
ment of sensitivity and sensible discnmmation is indicated by a dif- 
ference in terminology. The ascertainment of € is a stimulus deter- 
mination ; that of S a difference determination So the procedure which 
consists in effecting an apparent equality (likeness) of stimuli is 
termed stimulus comparison ; that which leads to an apparent equality 
(likeness) of stimulus- differences, difference comparison Stimulus deter- 
mination and difference determination give absolute values; stimulus 
comparison and difference comparison relative Stimulus comparison by 
no means necessarily results m the correlation of subjective equality with 
obj'ective equality of stimuli; and apparent equality of stimulus-differences 
is not an index of their objective equahty It may very well happen that 
an apparently equal stimulus-difierence corresponds not to an equal 
difference between stimuli, but to an equahty of their ratios t.e , that 
r and r, appear equally different with and r,, not when r — = 

rj — r,, but when This is, of course, in itself indifferent 

for the measurement of sensible discnmmation. And it is, therefore 
also indifferent whether m particular the absolute or relative sensible 

discrimination, te, whether Ar or — is constant 
7. All these expressions are expressions of the magnitude of sensi- 
tivity or sensible discrimination, t.e, mdicate their effiaency in face 
of absolute or relative values of detemuned or compared stimuli or 
stimulus-differences. But when a physidst, eg, is reporting a saen- 
tific observation, he is not content to give merely the observed or 
calculated average of a series of experimental figures, but states how 
fu- the separate results agreed with one another before their average 
was taken It is equally desirable that we, too, should indicate the 
fluctuations which sensitivity and sensible discnmmation undergo m 
presence of the same stimulus and stimulus-difference. The mean 
value of these fluctuations furnishes a measure of the delicacy ofsen- 
Normalreia. [•] Vergletckereie. 

4 
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sitivity or sensible discriminabon. The necessity of the introdnction of 
this second rubric of measurement is shown by the fact that small S 
have been found in vanous cases with relatively great variabons, and 
large S with comparabvely small variations. Knowledge of the 
‘magnitude’ of sensitivity and sensible discriminabon m such cases 
would obviously be but a part of the knowledge reqmred 

No more is meant, here, by ‘fluctuations’ of sensitivity and sen- 
sible discnmination, than the vaallabon which we have seen (§ 5 2,e.g) 
to result from the undulatoiy movements of attention If we add 
together the errors ascribed to these in our previous equation, a, §, y, 
without regard to their + or — signs, and divide their sum by the 
number of observations, we obtain the mean fluctuation or (as it is 
usually termed) the mean vartatton, MV. As related to this, the 
probable value of the observation, which we called S, becomes the 
anthmeheal mean, M, of the series M or B, then, aflbrds a meas- 
ure of the magmtude of sensibvity or sensible discnmmabon, while 
MV gives a numerical expression of its delicacy. Sensibvity and 
sensible discriminabon are, here again, inversely proporbonal to the 
value obtained" the smaller the MV, the greater their dehcacy. 

The disbnction of an absolute and relabve sensitivity and sensible 
discnmination has an espeaal significance in this connection As a 
general rule, it will be even more important to know their relative 
dehcacy than their absolute, since the accuracy of an observation is 
gauged not by the absolute magnitude of its average error, but by 
the quotient of that error and M. It will, therefore, be necessary to 
Afy MV 

deteimme the value of or -r — , etc., as well as that of MV 

r Oi.r ’ 

8. Admission of the validity of a particular MV evidently pre- 
supposes the belief that the magmtude of sensitivity and sensible 
discrimination remained practically unchanged throughout the exper- 
imental series from which it was calculated In the absence of this 
behef it would be useless to reckon out the MV, as it would arouse 
an altogether erroneous idea of the course of sensitivity and sensible 
discrimination Suppose, e g , that the sensible discrimmation increased 
twofold withm a given senes, 1 e , that the just noticeable stimulus- 
difierence was at the end only the half of what it had been at the 
beginning the mean vanation might easily be disproportionately laige 
On the whole, however, it is safe to assume that magnitude and 
delicacy of sensitivity and sensible discnmination in the same 
mdividual are directly proportional To ascertain whether a senes 
IB unfitted to serve as a basis of calculation, owmg to the mfluence 
of practice or habituation or what not, it is only necessary to divide 
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it up into a number of sub-senes (say, of 5 or lo expenments), and 
to compare the averages obtained from these If tlieir differences 
are merely fortmtous and irregular, the senes may be treated as a 
whole. 

We distinguish these purely accidental fluctuations of judgment, 
due to the operation of variable factors which cancel or compensate 
one another, from variations which show a definite tendency, i.«., a 
continuous increase or decrease of seitsiUvity and sensible discnmina- 
tion Such constant vanation furnishes a very simple measure of the 
influences which occasion it; the amount of increase or decrease of 
sensitivity or sensible discrimination is a direct indication of the extent 
of their power They cannot be really avoided or eliminated (cf 
what was said of practice above, § 5. 10) 

9 This constant vanation is not to be confused with what are 
called constant errors, which can be eliminated by the proper method- 
ical means They constitute positive or negative increments of the 
probable value of an observation, consequent upon differences in the 
temporal or spatial position of the stimuli compared, that is, upon 
differences in the external conditions under which these stimuli affect 
the organism. If the two stimuli in question are r and r,, and r 
r^;ularly precedes r,, we have a time error; if r and r^ are pre- 
sented sunultaneously, but r is always to the right and r, to the left, 
or r always above and r^ below, we have a space error. Both errors can 
be qmte simply eliminated When observations with a particular tem- 
poral or spatial arrangement have given a particular mean value, 
an equal number of observations is taken with the precisely opposite 
arrangement (r following r,, r to the left, r below, and so on), and 
gives the value The arithmetical mean of and is free of 

constant errors If both kinds of error are operative in the same 
investigation (as where pressure stimuli are applied successively at 
different points of the surface of the skm), four senes of observations 
must be made, and the anthmehcal mean of M^, M, and 
calculated. In either case the magnitude of a special error can be 
separately determined. Both elimination and determination are, of 
course, possible only if the conditions of judgment have been kept 
constant m all other respects. 

The reasons for the enors caimot be stated with any degree of 
certainty. The different sensitivity of the pomts of skin or retina 
stimulated may partly account for the space error; the difference in 
the conditions of nervous excitation for the two stimuli may partially 
explain the time error. But both may be affected also by the differ- 
ence in the circumstances under which the standard stimulus and 
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stimulus of comparison are judged. In any event, we can make no 
general statement as to their direction and magmtude. 

lo. The methods which can be employed for the formulation of 
the magnitude of sensitivity or sensible discrimination in terms of 
stimulus or difference determination, or stimulus or difference com- 
parison, may be denominated gradahon mttiods and trror mtthods. 
In the abstract, any method can be employed for any object; but, 
as a matter of fact, theoretical foundation and practical apphcabon 
differ in different cases The gradation methods make use of small 
and uniform changes in stimuli and stimulus-differences to obtain the 
value required they measure the magnitude of sensitivity and sensible 
discnmiiiation m a relatively direct and simple manner. The error 
methods deduce the probable course of sensitivity and sensible dis- 
crimination from a large number of judgments, on the assumption that 
the errors made m the production or estimation of given stimuli or 
stimulus-d'fferences bear a umform relation to the delicacy of sensiti- 
vity and sensible discrimination: the measurement of their magnitude 
is here attended with certain difficulties The methods remain essen- 
tially the same, however different the problems which they are called 
upon to solve. Our discussion can, therefore, most usefully be based 
upon this cardinal difference m procedure 
Our space docs not admit of a detailed examination of the individual measurement- 
methods. The reader may refer to Wundt, Pfys Psych., I ; Fechner, EUnuntt and 
Re-.iision , Mdller, Zur Grundlegun^ tier Psychofhystk, 1878, Psyckopkystsche 
Meihodik. 1904, Titchencr, Exp Psych , II , 1905. — 

The followin); table of the symliolic expressions explained in the previous paragraphs, 
and of some others which wilt be userl in what follows, may be of service to the 
student. 

Cl, r». Cl . . . sstimnlns. (Any of the possible modifications 

of stunnlns may be thus represented; stimulus 
form or stimulus intensity, stunnlns duration 
or stunnlns [spaUal] magmtude.) 

Ac — D = r — Ci, c, — r. . . . = stimulus-difference. 

S =jiisi notimbh [St =r difference limen 

S =ju.st noliCLible r =sUmiilus hmen. 

= absolute magnitude of sensible discrinunation. 
= relative magnitude of sensible discmnination 


Ac, 5 
Ac a: 


N 

V 

M 

MV 

MV 


= standard sUmnlns. 

= stamulns of comparison, 
xe arithmetical mean, 
smmean variation. 

K relative delicar^ of sensitivity. 
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= TelatiTe delicacy of sensible discrunmadon 

subliminal (unnoticeable) stimnlos or stunulus-difference. 
= supialimmal (more than just noticeable) sti- 
mulns or stimulus-difference 
Subjecbve or apparent equality (likeness) of stimnli or stimulus-differences we 
shall denote by the sign |||, subjective or apparent difference m the sense of ‘greater’ 
(‘stronger’, etc.) by > , and subjective or apparent difference in the sense of ‘less’ 
{‘weaker’, etc.) by ^ 

I 7. The Gradation Methods. 

I. Characteristic of all the gradation methods is the continuance 
of small, unnoticeable changes of stimuli or stiinulus-diflerences m a 
constant direction, until a corresponding change takes place m tlie 
judgment of the observer Thus, if we set out from an objecbve and 
Subjective equality of stimuli, and seek to discover at what point the 
one of them becomes just noticeably different from the other, we shall 
take a large number of short steps m the direcbon of difference, and 
note at what objective pomt of change the subjective cognibon of 
difference arises. It is not necessary to bring reasons in support of 
this slow advance, smee the accuracy of determmabon must obviously 
be proporbonal to the number of values bordenng upon the required 
value which the observer has opportumty to judge The delicacy of 
phjrsical measurements enables os to make our steps comparabvely 
very small. Their number and magmtude are, as a rule, mversely 
proporbonal to each other. How large they must be, or how numerous 
they may be, in a parbcular case, will depend upon the magnitude of 
sensible discnminabon or sensitivity To minimise the influence of 
expectabon, fatigue, and habituation, it is usual to mterpolate but few 
steps, — perhaps five, — between two different judgments The steps are 
best made fairly large at first, and afterwards dmunished, so that the 
level at which the change of judgment takes place is defined as ac- 
curately as may be The judgments themselves should be recorded 
at once, under the immediate influence of the impressions, smee they 
are meant to be simply a reproduction of these, and must not admit 
any modifying or reinforcing extraneous processes, — or, m other words, 
smee the indirect sensitivity and sensible discnminabon are meant to 
be, as far as possible, a true copy of the direct. If an assured judg- 
ment is for some reason impossible, the experiment must be repeated, 
and no reliance placed upon the recovery of the lost assurance by 
refleebon and memory. 


MV MV 
N 

r or Cm 
r or Cm 
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2. But the limiting value which we obtain in this manner cannot 
be regarded as furnishing in itself an adequate measure of sensitivity 
and sensible discrimination. For every fresh step in the direction of 
the required change of judgment adds to the probability of its occur- 
rence, so that, as a general rule, it will take place earlier than might 
be expected under normal conditions. The chief psychological cause 
of this phenomenon must be sought m expectation. The subject 
knows that the stimuh are undergoing continuous alteration, and that 
the object of the experiment is to bring about a change of judgment. 
He naturally inclines, therefore, to let his judgment change In certam 
cases this tendency can be compensated by the antagonistic influence 
of habituation. But we can never be qmte certam that the change 
of judgment really corresponds to the just nobceable alteration It 
was, therefore, proposed by G. E. Mliller that this method should 
always be combmed with a reversal of procedure, that when the first 
change of judgment had been effected, the experimenter should work 
m the opposite direction, from a supraliminal value of the object of 
judgment back to its original value. If, for instance, we began with 
the subjective equality of r and r,, and brought about a noticeable 
difference between them by a gradual alteration of r , we should after- 
wards b^m again with a clear difference between them, and gradually 
dimmish it until it became unnoticeable. The new judgment of 
equality m the latter case must, for the reasons alleged above, come 
somewhat too soon, i e,, the objective difference be too large. Then, 
by takmg the mean of the two Ar, we may hope to have obtained 
a probable expression of the sensible discrimination If this combi- 
nation of procedures is to be of any real worth, however, the number 
and magnitude of the steps must be the same in both direcUons. To 
ensure this smiilanty, in cases where the method begins with a 
supraliminal stimulus or stimulus-difference, Wundt projxised further 
that the exjieriments should be continued beyond the point at which 
the judgment changed to one at which the stimulus-difference was 
quite clear, and that the reversed procedure should start from this 
latter Under these circumstances the number and size of the steps 
can be regulated with a foir degree of certainty. 

3. It will easily be understood that a procedure by gradation, 
such as we have here sketched, is equally useful for stimulus deter- 
mination and stimulus comparison, for difference detenmnation and 
difference comparison. It is, therefore, an undesirable usage which 
distinguishes a method of just noticeable differences or of least dif- 
ferences from a method of supraliminal differences or mean gradations 
and a method of just noticeable stimuh and equivalents. For these 
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differences of name do not correspond to differences of method, but 
merely to differences in the object of inquiry The procedure is 
precisely the same m all the special methodical developments. The 
method of just noticeable or least differences consists simply in its 
apphcation to difference determination, the method of supraliminal 
differences or mean gradations in its apphcation to difference com- 
parison. In the same way, the method of just noticeable stimuh 
applies it to stimulus determination, that of eqmvalents to stimulus 
comparison The titles in ordmaty use are further undesirable, for 
the reason that they make it appear as if values like •$; r HI 
etc., could not be detennmed in other ways, by means of the error 
methods. We shall, therefore, m what follows, treat of the procedure 
by gradation under the single rubric of the mtthod of minimal changtt 
(Wundt), and indicate its applicability in different dejiartments of mvestaga* 
tion under the four headings explamed above,— stimulus determmabon, 
stunulus comparison, difference determmation, and difference comparison 

I The Method of Minimal Changes in its Application to 
Stimulus Determination (Method of Just Noticeable 
Stimuli) 


4 Fig. I gives a schema of this method Magnitudes of the stimulus 
employed in the investigation are supposed to be arranged m as- 


cending order along the vertical AB, extending 
from the sublmiinal (at A) to the supraluninal 
(at B) through all possible intermediate stages 
The experiments begm at The stunulus r is 
changed, by very small positive mcrements, until 
the judgment is made that a sensabon is present 
to consciousness The correspondmg stimulus 
value (6^) is entered in the expenmenter’s record 
From this pomt on the increase is continued, by 
qmck removes, not specially noted in the schema, 
until a stimulus ^ is reached, which is clearly 



supraliminal Now b^ins an alteration of r by ^*6 ’ 

very small negative increments, which is contmued to unnoticeability, 
I e , until the judgment is made that there is no longer any sensation 
present. The corresponding stimulus value (6J is again entered in 


the record. Taking the mean of the two values and we have : 
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the stimulus hmen for the particular senes of observations. The 
number of constant and accidental errors to which sensitivity is liable 
renders it desirable to repeat the senes several tunes over, and to 
calculate the average of the various limens, — provided that they do 
not Ediow any constant mcrease or deaease. Moreover, the method 
must begin alternately with I and in these senes, for the elimination 
of a possible constant error attending the choice of either. 

This method of stimulus determination admits of application to all 
those limens of sensibility which we have already menboned (§ 4. 8), 
as well as to the limits of modal sensitivity. Suppose, that we 
are determining the intensive stimulus limen for pressure sensations 
at the tip of the finger. We begm by placing a weight of r mgr 
upon the surface of the skm; then 3 mgr ; and then 4 mgr.,— at 
which point the subject notices a gentle pressure. We then pass to 
7 and 9 mgr., with which latter the sensation of pressure is tolerably 
clear. Travelling m the opposite direction from 9 to 7 and onwards, 
we find that 6 mgr. are not noticed. The pressure hmen is then 
() " 4 " 4 

— j — = 5 mgr. The magnitude of sensitivity for pressure stimuh at 
the tip of the finger would consequently be i; since sensitivity m 
general may be r^arded as = ^ 

II. The Method of Minimal Changes in its Application 
to Stimulus Comparison (Method of Equivalents) 

5. The schema of this method, given in Fig 2, is very similar m 
appearance to that of the former. The stimulus magnitudes here, 
however, need not be restncted to the lunen, 
but may be all supraliminal. We denote by r 
the standard stimulus, which lemams constant 
throughout the expenment, by r, the stimulus 
of comparison, which is to be made equal to 
r. The method begins with a value of 
which is clearly smaller than r; then passes, 
by the ^miliar short steps, to a judgment of 
equality (ascending), proceeds by quick re- 
moves to an r,, which is clearly greater than r; 
and there turns back, continuing until a second 
judgment of equality (descending) occurs. The 
mean of the two corresponding stimulus mag- 
nitudes is taken, and may be looked upon as 
the true ||| r. For the elimination of constant errors it is neces- 
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saiy not only to vary the starting point of the whole procedure, but 
also the temporal or spatial position of the two stunuh. 

This method may also be employed to test all kmds of sensibiUty, 
and to measure the modal sensitivity m the case of different observeis. 
We may put the matter m the form of an equation- 
Sensitivity : Sensitivity^ = : r, 

which expresses the fact that the sensitivity of one observer (or of 
one portion of the skin, under certain orcumstances) stands to the 
sensitivity of another observer (or of another portion of the skm, 
under other circumstances) mversely as the apparently equal stimuli 
in corresponding experiments Suppose, *.g., that the pressure sen- 
sitivity with stimulation of the finger-bp is to be compared with the 
same sensihvity with stimuktion of the back of the hand. Let a 
pressure of 5 gr. on the former serve as standard stimulus. The 
applicabon of the method as described above may give a pressure 
of 2 gr. as Its eqmvalent The sensitivity of the back of the hand 
IS then 2i times as great as that of the finger-tip From this we 
can calculate that the stimulus limen, which we found to be 5 mgr. 
for the finger-tip, will be 2 mgr for the back of the hand; in other 
words, that the sensitivity is here -J, while it was previously The 
production of nummal stimub and of minimal changes m them is 
often so difficult that stimulus comparison, with its application of 
supraliminal magmtudes, has been very extensively employed to test 
sensitivity It must, however, be remembered that only those stunuh 
should be chosen for comparison which can be readily and certainly 
judged, eind which can claim the relabvely largest noticeabihty for the 
relatively smallest alterations. Stunuh which are too weak or too 
strong, too small or too large, too short or too long, must be avoided, 
though no more definite rules can be laid down.— It is customary, in 
physical photometry, to make the subjective equality of two uniformly 
variable light intensities the entenon of their objective equahty. In 
such work, the method of minimal changes might serviceably be 
employed, and the precautions which it suggests profitably observed. 

III. The Method of Minimal Changes in its Application 
to Difference Determination (Method of Just 
Noticeable or Least Differences; also termed 
Method of Minimal Changes, in the 
narrower sense). 

6. The just noticeable diSerence between two stimuli can be deter- 
mined in two ways, by a gradual increase and by a gradual decrease 
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of the stimulus of compansoa This twofold procedure (schematised 
m Fig 3) gives two difieience Uiaens, which are termed the upper 
(F =e rj mcreased) and the lower {V — r\ decreased) respectively 
The usual starting point of the experiment is the apparent equality 
of the two stimuli (r ||| fi). The mcrease and 
f decrease of r, must be regularly alternated, 

. — for the elimination of constant enors 

I Suppose that we first of all make > r: 

rwr— = — *^0 stimnlns difference is recorded as A [*]. 

We then mcrease r, to A^, and from that 

point return to r, ||| r, or the apparent dis- 

I appearance of the difference (recorded as 
7“ Ar^'p) We thus have 


We tlien go on to decrease r^ sbll further, 
to the apparent difference r, < r, which we 
record as AF« [*] From that we proceed to 
a AV, and then agam return to an apparent 
equality, at the difference Ar"» We thus have 
=ArM = iSa; the lower dvfferenct Itmen. 
can determme 


1 

f 

— 

1 d 


fjWr— 




f z 







1?'8 

. + hf'/u 


e make r So = r^, and r — S^ = ru, 'itg obtam 
o — S = r« + iS=/f; the esltmatton value of the stimulus 


(5) ± {R — r) = A , the eilimalton error or eeltmahon difference 
Substituting in equation (4) the onginal expressions for r, or r. and 
5, we get the following for R and A 

(4 <*) A = r + ; 

(Sa) A = *^^. 

If A = o, I e., So = Sm, we have found constancy of the absolute 
sensible discnminabon if A is positive, ie.. So > Su, a decrease of 
the absolute sensible discrinunation with increasing r; if A is negative, 
St<. So, aa. mcrease of the absolute sensible discrimination with 

[q • ■ 'ovBi*. (1 * 'ondw'. 
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increasing r. In the first case R = r, t.e., r is correctly estimated, 
m the second R > r, i.», r is overestunated; in the third R < r, 
te., r is underestiinated. Sensible discnmination can, therefore, be 
expressed m terms of R and A, as well as by So, Su, and S. 

7. But the method can be employed in sbll more ways, and gives 
still other test-values Thus, in cases where it is desirable to aster- 
tarn by a rapid procedure the dependency of sensible discrimination 
on the magnitude of the stimuh, it is sufficient to determine the upper 
difference limen only. Again, it is not necessary to begin at r*|||r; 
a supraluninal Ar may be made the starting pomt This will be 
especially convenient where || r does not correspond to r, owing 
to constant errors or other circumstances Agam, to eliminate constant 
errors, the experimenter must vary not only the temporal or spatial 
position of standard stimulus and stimulus of comparison, but also the 
direction m which is altered If he starts out from >'j |||r, eg, he 
must begin by increasing as often as he begins by decreasing it, 
and arrange the order of his determmations by reference to the begm- 
ning. Further, the course of sensible discnmination can be expressed 

not only by Sa, Sm, S, A and R, but by and which are 
r r„ 

termed Itmens of relahon If = p* is the upper limen of relation. 


and — = Vu the lower, then 

is the wean limen of relation These values are used in particular. 
So Su S 

with — and — , to characterise the relative sensible discmm- 


nabon. 


An illustration wfll serve to make the matter clearer Suppose that 
we have a standard stimulus of 90 gr given us, and that we are 
required to find the stimulus of companson which is just nobceably 
different from iL We apply first standard weight and then variable 
weight to the surface of the skin, and note that at r, = 90 gr the 
two stunuli are judged to be subjccbvely equal. Gradual increase of 
r^ then leads to a rj > r (i^., to r^o) at 95 gr. A further increase, to 
100 gr., makes the difference very apparent. Gradual decrease of the 
100 gr. leads to a r^\^r (w,, to f**o) at 97 gr. We thus have 


r>o + r»o 

^ = 96, and Ar, r, — r = 6. Continuing to decrease 

r^ beyond the limits of the judgment of eqoahty, we obtam a r^ < r 



6o DOCIRINS OF ELEMENTS: SENSATIONS. 

{».»., /») at 85 gr.; and then, returning from 80 gr. upwards, a.r^\^r 

f*u + r^u 

(1.#., at 84. We thus have = r» = 84'5, and Ar« = 

r _ r» a. 5-5. Averaging, we get = J = 575, while 

r, — ^r= 90'25, and therefore A = ±(^— >) = + o’25 = — — 

The absolute sensible discrimination is therefore not constant, but 
decreases with increase of the stimulus magnitude Whedier the relative 
sensible discrimination is constant cannot be inferred with certainty, 
as Ar, and Ar« lie too near together. A calculation of the hmens 
of relation gives va = H> i>u= approximately -ff, and consequently 
ti = approximately i|. This makes a constancy of the relative sensible 
discrimination probable. 

IV The Method of Minimal Changes in its Application 
to Difference Comparison (Method of Supraliminal 
Differences or Mean Gradations). 

8. To determme directly the apparent equality of two stimulus 
differences — >■= Ar^ and r, — = Ar„ it is best to employ the 
method of minimal changes m the maimer schematised in Fig. 4 Two 
of the three stimuh (those farthest apart from one another, r and r,) 
are kept constant, and the third (the mter- 
mediate r^) vaned. A dear difference of 
Arj and Ar, (say Ar, > Ar^) is chosen 
as the startmg point of the experiment, and 
increased, m the familiar way, until 
Ar, |I)Arj. This r, is then further in- 
creased, until a difference in the opposite 
dnection is quite distinct (Ar, <Arj); 
and then again decreased until the differ- 
ence becomes unnoticeable. In both cases 
the gradation can be extended to apparent 
mequahty of the differences. The procedure 
gives four values of r,, the average of which 
is taken. If the two values obtamed in the 
direction to ^ are termed K, and r"a, 
and the two obtained in the direction B 
to if are termed r'a and t"n, the quotient 

the magnitude of r, which coireqionds to 


-iraV\Jr, 


rfa + t»a-^ *>u + . 
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the probable subjective equality of the two differences. IfAr, >Arj, 
the absolute sensible discrimination has decreased with increasing 
magmtude of the stimuli, if Ar, <Ar^, it has increased; if Ar, •=■ 
A It has remained constant In the latter event when 
Ar, HI Ar^ corresponds to Ar, = Ar^), must be the arithmetical 
mean between r and r,. If, on the other hand, the relative sensible 
discrimination is constant, Ar, must be ^Ar^, when the two are 
apparently equal . the proportion being r . ; r,, or = Yr . r. 

The dependency of sensible discrimination upon the magnitude of the 
stimuh can, therefore, be very simply tested by the calculation of 
as the geometrical and arithmetical means of r and and the com- 
parison of these calculated values with the obtained by experiment. 

9 Difference comparison was introduced into psychophysics by 
Plateau. It bears the same relation to difference determination as 
is borne by stimulus comparison to stimulus determmation It can 
be used with difference determination to measure sensible discrimina- 
tion, just as the two stimulus methods can be used together to meas- 
ure sensitivity. As a general rule, it is the more direct path to 
knowledge of the course of sensible discrimination. Moreover, since two 
just noticeable differences may be r^^arded as two subjectively equal 
differences, its results can be employed to check one another. Constant 
errors, dependent upon the direction of the experiments and the 
temporal or spatial position of the stimuli, must be ehminated here, 
as always, by a regular alternation of conditions With regard to the 
choice of stimuli, it is usually beat to take such as present a consider- 
able difference. For (i) the relative accuracy of estimation is'^ereby 
increased it has been found that the MV does not increase proportion* 
ally to the stimulus differences ; and (2) the greater the distance from 
rto r,, the greater are the technical accuracy and the possibility of variation 
in the procedure by gradation. The statement made above, that it is 
desirable to keep r and r, constant, and to vary until the two 
differences —r and r^—r^ are subjectively equal, is based upon the 
obvious consideration that the sensible discrimination can be more 
exactly determined if the limitmg stimuh remam unaltered. The two 
differences thus become mutually regulative ; change in the one means 
Bimultaneons change m the other Lastly . it has sometimes been objected 
to the method, that the magnitude of supraliminal sensation differences 
cannot be experimentally adjusted to allow of comparison either as 
between different observers, or for the same observer at different times. 
But a similar objection might be urged with regard to just noticeable 
sensation differences. And it is altogether irrelevant to the measurement 
of sensible discnimnahon. Sensahons and sensation differences cannot 
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be itaeasured at all (§ 6. 2 — 5); and any possible change that they 
may undergo is, consequently, wholly indifferent to us. 

We may again conclude with an illustration. Suppose that we have 
given us the pressure stimulus r = 15 gr, r, = 135 gr ; and that 
we are required to find by gradation an intermediate stimulus r, of 
such a magnitude that the difference — r = Ar^ is apparently 
equal to the difference r*— r, = A r. We begin with r = 15, r, = 
30, r, = 135. The r, is gradually increased, until subjective equality 
(Arj III Ar,) is reached at = 42 {r^o) It is tlien still further 
increased, till Ar, > Ar, at = 49 (r",) The same procedure is 
now repeated from r, = 60; and found at 48, and r*>u at 41. We 

thus have 1? 4 ^ _ stimulus differences are 

4 

subjectively equal when r, = 45 gr In this case A r, = 30, A r, = qo 
there is no constancy of the absolute sensible discnmination The 
same result is reaihed by comparing r, with the anthmebcal mean 
of r and 75; it is too small by 30 gr On the other 
hand, the decrease of the absolute sensible discrimination is directly 
proportional to the increase of the stimuli. It decreases m the ratio 
3:1, while the stimuli form a geometrical senes with the exponent 3. 
But if the absolute sensible discrimination decreases as the stunuli 
increase, the relative sensible discnmination must be constant We 
find, as a matter of fact, that not only but r, = 

y r r,. Now we know already that a pressure of 96 gr. is just 
noticeably different from a pressure of 90 gr It follows at once, that 
for 15 gr 5 must = i, for 45 gr 5 = 3, and for 135 gr 5 = 9 The 

quotient — , which expresses the relative sensible discnmination, is 

therefore constant, at This result is in complete agreement with 
the value previously obtained for u— 

10 There are still one or two general considerations which must 
receive attention before our presentment of the procedure by grada- 
tion can be r^arded as complete (i) It must be emphasised, in the 
first place, that the method of minimal changes always unplies the 
procedurt uiitk hnowltdpt. It is true that the direcUon of the first 
series of changes in difference determination, t.g , may not be clear 
to the subject But since the further course of the method is perfectly 
plain to any one familiar with it, when once this initial direction has 
been made out, it is better to secure uniformity of experimental con- 
ditions by following the procedure with knowledge from the outset 
All that the observer has to do, under these circumstances, is to 
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express the contents of his introspection as impartially and consden- 
Uously as possible. (2) It is further desirable to keep the dtrechon of 
ludgment comtant, wherever the comparison of two or more stimuh 
IS involved. By constancy of the ‘direction of judgment’ we mean 
constant adherence to the rule that the second stimulus or stimulus- 
difference is to be judged in its relation to the first, so that, if is 
the second stimulus, the expressions ‘greater’, ‘less’, ‘equal’ 
always signify ^ ''i < ''1 III ^ constancy is valuable 

in two ways, (a) It greatly facilitates the naming of the introspective 
contents, and secures definiteness and steadiness of attention and 
expectation (ff) It is a condition of any real ehmination of constant 
errors An mcrease of as second stimulus corresponds to the 
judgment ‘greater’; its mcrease as first stimulus to the judgment ‘less’. 
Now since the tune error is certainly dependent, in part, upon this 
direction of judgment, it could not be really eliminated, unless the 
rule of constant duection were apphed in turn to each of the stimuh 
We know nothing with any certainty, however, of the influence of the 
direction of judgment Systematic expenments upon the subject would 
be welcome. 

II. Our account of the method of minimal changes has not in- 
cluded any special reference to its apphcability to the measurement 
of the delicacy of sensitivity and sensible discrimination The delicacy 
of sensiUvity and sensible discnmination is measured by the inverse 
value of the MV, and thus is obtamed by the calculation of the aver- 
age divergence of a number of similar observations from their arith- 
metical mean (§ 6 7, 8) Thus the MV \vi Method I can be deter- 
mined by the combmation of the various 69 or of the particular 
experimental senes, and the ®; in Method III , by that of the cor- 
resjxmding values of So, Su and .S. always provided that no constancy 
of vanabon is discoverable A very interesting question arises in this 
cormection, — that of the relation between the (absolute and relative) 
delicacy and the (absolute and relative) magnitude of sensitivity and 
sensible discrimination. No systematic attempt to answer it has as 
yet been made. 

It will easily be seen that in a procedure with knowledge, such as 
is presupposed by the method of minimal changes, the magnitude and 
number of the gradations introduced must exercise a considerable 
mfluence upon judgment. The most characteristic effects are those 
produced upon expectation and habituation. It has been found, e.g., 
in experiments by Method IV., that alteration of the starting point 
of the variable is regularly followed by alteration of the values 
r^o, r>n, etc,, if the subject has become habituated to a defimte 
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number of gradations. This shows two things, the very great influ- 
ence of habituation, and the importance of strict adherence to the 
procedure with knowledge which the principle of the method of 
minimal changes requires, if any valid results are to be gamed by an 
exammation of sensitivity or sensible discrimination. If the observer 
knows that the number and size of the steps will vary irregularly, 
he will naturally make allowances for the fact in attention and eiqiecta- 
tion This would seem to indicate that it is well not to accustom 
him to a regularly recurrent number of gradations But at present 
we have not enough experimental material to enable us to decide 
with any degree of confidence upon the best method of working, or 
to say anythmg defimte as to the range and character of the influ- 
ences to which we have drawn attention 

§ 8. The Error Methods. 

I. The forqgomg consideration of the gradation methods has shown 
us that the accuracy of sensitivity and sensible discrimination falls 
very far short of the accuracy of measurement or production of stimuli 
in physics or chemistry One and the same judgment of equality, 
for example, may correspond to a whole zone of stunulus difierences ; 
a complete series of unnoticeable changes may have taken place on 
the objective side, before there is any awareness of their existence or 
direction on the subjective It has shown us, further, that our obser- 
vations are liable to accidental variation, as a resuh of which the same 
judgment does not always recur at the same level of stunulus altera- 
tion in diflerent experiments. It is natural to regard these incon- 
gruities between the judgments of sensitivity and sensible disenmmaton 
and the objective stimulus values as ‘errors’, m the sense m which 
the word is used in natural saence; and to make their magnitude or 
number the basis of an estimation of the magnitude or delicacy of 
sensitivity and sensible discnminabon. Thus the analogy has given 
rise to the two error methods the mtthod of nght and wrong cases 
and the mtthod of average error. In the former, a constant stimulus 
or stimulus-diflerence is made the object of judgment in a large 
number of experiments, each judgment recorded, and the proportions 
of the vanous judgments calculated In the latter, a stimulus or 
stimulus-difference is presented to the subject, and he is reqmred to 
reproduce it; and the difierences between standard stimulus and 
stimulus of comparison in a senes of e^reriments are employed for 
the determination of the sensitivity. The range of applicability of 
the first method is plainly greater than that of the second, which 
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presupposes two or more stimuli, and admits no judgment except that 
of equality 

2. If we assert that the foimuhe employed in the mathematical 
theory of errors of observation are capable of direct apphcation to 
psychophysical investigations, we obviously do so upon the assump- 
tion that the deviations from the most probable value in psychophysics 
are of the same kmd as the deviations from the probable value with 
which mathematics is concerned. The latter are subject to the 
following general rules, (i) The errors must occur m continuous 
gradation from o to ± a, or, since the a-limit cannot be defined 
with certainty, from o to ±: oo (The extension is indifferent in 
practice.) In other words, the errors must not be of one definite 
magmtude, or fall withm a senes of defimte magnitudes, but must 
appear in all the different magnitudes possible within the stated 
limi ts (2) The larger errors must occur less often than the smaller, 
and the maximum of frequency must be attamed by the error o. 
(3) Fosibve errors must appear as often as native; 1.*., the sum of 
the positive must be equal to the sum of the negative We may 
take It for granted that these conditions are realised m what we have 
called the ‘acadental vanations' of sensitivity and sensible discrimina- 
tion ' if only for the reason that the errors of observabon with which 
the mathematical theory has pnncipally to deal are really nothmg 
else than accidental vanataons in the judgments of this same sensiti- 
vity or sensible discrimination If, then, we are able to abstract 
from constant vanabons, we may have recourse for our special purpose 
not only to the general law of the distribution of errors, but also to 
the special formulae for the probabih^ of an error of definite magnitude 
or of the errors within certain fixed limits. — We need do no more than 
glance very briefly at the values and formuls which the mathemabcal 
theory of errors of observation employs 

The reUtive frequency of the various errors can be best indicated by a curve 
of the form shown in Fig 5. The abscissae give the magnitude of the errors (8), 
the ordinates their relative frequency or probabihty The curve reaches its maxi- 
mum at the va'iie 3— o From this point it fidls on either side, — symmetncally, 
since the probabilities of positive and negative errors are equal , and approaches 
the axis of abscissse asymptotically by a comparatively quick descent The 
relabve frequency of an error of definite magnitude a u expressed by the eqna- 
Uon[>] 



where A denotes the ‘measure of preasion’ of the observabon fGauss), a constant 


WakrtchanUchMat, probabihty 
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lie between certain fixed limits Since they constitute a senes with contimions 
gradations, Ihtir sum can only he expressed by an integral If we makeA^sf, 
the probability of the errors between thi limits o and + « is: 



In the same way we obtain 



And similarly, die relative frequency of the errors between the Umits o and 
f J will be: 





This integral may be regarded as the expression of an area, which in Fig 5 ls 
bounded by the ordinates iqion d = o and i — a Its value has been calnilateil, 
and a table of the various values of t constructed, in which the values of H'from 
t~o onwards arc given Thus, if 100 observations have been taken, we have, 
accordmg to the table, 

for values from f = o to f = 0 5 a }V=o$2 or JS errors, 

„ „ „ < = 01; to f =1-0 =032 „ 3a „ 

„ » „ f=ioto f=i5 „ „ =013 „ 13 „ 


Row quickly the 


the errors 


shown by the fact 



g 8. THE ERROR METHODS. 


that for the nmge of Tillies fa 1*0 to f = ao there is onl}r one error left in the 
senes of lOO observsbons (51 + 3* + *3 + » = 99). 

Fechner has somewhat modified the table given m the text-books of probability, 
fof the special purposes of psychophysics, where we are concerned to determine 
the t = k 9 iiom the relabve freqnency of judgments made, and r = o is assumed 
for a certain relative number of right cases. C(. Elem d Psyehophys , 1., io8-tii. 
Revision dtr Hauptpunktt der Psyehophys., 66 f ; Abhandlung d KSntgl. SSchs. 
Ges. d. Wiss., XX , *o6 ff. 

Gauss’ bw of error is stnctly valid only for an infinitely large number oi ob- 
servations. A huge number of experiments must always be made, if it is to 
be frmtfiilly applied It is very necessary to prevent the co-operation of external 
physical errors of any magnitude. 

In place of the mean variation {.MV\ many expenmenters prefer to use the more 
exact value of the average error (MR) [*], of the particular deviations &om the 
arithmetical mean. The formula is 

where 9\, it .. . are the vanons deviations from the anthnietacal mean, nsed 
irrespectively of their -f- or — sign ; n the number of observations ; and S the 
sign of summation. If n is small, it is usual to mtrodnee a correction mto the 
formula, by writing n — i m the denominator instead of n 

The measure of precision, h, and the MF stand m the simple rebtion 



Lastly, the probable error (sa) b defined as that magnitude of error which is 
as often exceeded as not reached, tx., for which the error integral has the vabe 
0*5. The corresponding value of t in the table mentioned above u 
/ = 0-476936= Aar 

We can also determine re by the following formnb: 

06744 89 w»„__o»4534r 

MF. os w=-yr^.Mr. 

which presupposes the relation obtaining when the number of expenmenb b very 



I. The Method of Right and Wrong Cases. 

3. The method of nght and wrong cases can be employed in as 
many ways and for as many purposes as that of minimal changes 
So far, however, the theory of it has been worked out only for the 
three rubrics of stimulus determination, difference determination, and 

['] F =■ Fihler, tirrcr. 
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difference comparison ; and in practice it has been principally used for 
difference determination Psychophysidsts are, moreover, not so unani- 
mous in their views of the mathemabcal beatment of the experimental 
data, the measure of sensible discrimmation which the method affords, 
etc , as they are with regard to the essentials of the method of minimal 
changes. It is not too much to say that the theory of the method is 
still an open chapter, and that experiments by it have not yet been made 
in sufSaent numbers to permit of our passing any confident judgment 
upon the trustworthiness of the values obtained or the true functions 
of the method in general. We carmot abempt in the present cormecbon 
to fill out these lacunae, to appreciate the various pomts of cnbasm, 
or to modify the pnnaples of the method in accordance with our own 
opinions. We shall only refer to the most important discussions in 
the literature, and indicate the course which the method ordinarily 
follows in practice. The reader who desires fuller informabon may 
turn to the works already cited, and in parbcular to the articles by 
J Merkel in the Phil. Studten (VII., 558, VIII , 97) Theortluche und 
exptrtmtntell* Begnindung der F*hl*rmethodtn. We shall further restrict 
our present discussion to the single case of difference determination, 
smce this has received the laigest share both of theoretical considera- 
tion and practical illustration. 

4 Suppose that we have a stimulus difference 2 ? = r, — rj, which 
18 very little ^ 5 ; t.e , which cannot always be cognised, even with 
apparently equal concentration of the attention and under sunilar ob- 
jective conditions. (If we have no idea at all of the value of S, the D 
required can easily be found in a senes of prchminary experiments ) 
The subject is allowed to judge of this D, which is kept constant, 
say 100 times. In a certain proportion of cases the judgment will be 
correct, ie, we shall have /?||l + (r, — r^); in a certain proportion 
it will be incorrect, t e , the estimate will be r, < or /? 1|| — (r, — r,) , 
and in yet another proportion we .shall obtain r^\\\r^ orZ>|||o Be- 
sides these three cati^ones of judgment, the first few senes of experiments 
generally require a fourth, for ‘doubtful’ cases, »#, cases in which the 
subject cognises a difference, but is unable to characterise its direc- 
tion, — in which Z?|||±(r, — r^). No spedal rubric is made for them, 
however, since (i) they disappear as practice advances, and (2) can 
obviously be counted, while they occur, half to the correct and half 
to the incorrect judgments If i» is the number of observations, then 
[*], and 

[>] r B neU^, correct, m: fakch, mcorrect , g gletck, equal. 
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The question now is* how we can obtain from the relative propor- 
uons of right, wrong and equal cases, a measure of sensible discrim- 
ination, which will give us numencal statements of its magmtude 
and delicacy analogous to those furnished by the method of minimal 
changes; how, equation (i) bemg given, and the size of D known, 
we can arnve at a general formulation of this magnitude cind delicacy 
Fechner has answered the latter part of the question, and G. £. Mflller 
the former 

5. The sensible discnmmation in difference determination can be 
measured either by S, the difference limen, or by the mean fluctua- 
tion, MV or MF The first thing to do, then, is to discover from 

T f P 

the values of — , and ^ for some parbcular Z), the value of Z) = 5 . 
In the same way,^a value must be found, which stands m a definite 
relation to the MV or MF. Now when we were calculatmg S, and 5 » 
by the gradation method, we were ltd by the consideration of certain 
sources of error to make them the mean between the first noticeable 
difference and the first unnoticeable difference; and we accordingly 
defined 5 as that stimulus difference which constitutes the limiting value 
between the noticeable and the unnoticeable (cf. § 7 2, 6). Apply- 
ing this definition in the present case, we may say that S is that 

stimulus difference which is just as often cognised (correctly judged) 

as not cognised (incorrectly judged). The probability of a correct 
estimation of is then equal to the probability of its incorrect esti- 
mabon: each = ^ We can, therefore, designate S (on the analogy 
of the probable error) the probable difference hmen. And this gives 
us the first relabon required,— that between S and the three classes 
T f~^S 

of judgments For D=aS, we must have — = 

Again, we have just seen (§ 8 2) that MF and k stand in the 

simple functional relabon of mversc proporbon The dehcacy of 
sensible discnmmabon can, therefore, be measured directly by A as 
well as mversely by MF or MV It is only necessary to be quite 
sure, in this case also, that there has been no considerable interfer- 
ence of errors independent of sensible discnmmabon; in other words, 
that h really expresses sensible discriminabon, and not possible irreg- 
ularibes of a technical and physical kind. The same caubou applies, 
for that matter, to the measurement of the magnitude of sensible dis- 
crimination ; the ratio — = ^ must be wholly ascribablc to accidental 
sources of error which are internal and not external 

6. At this pomt we make the assumpbon tlmt the occurrence of 



JO DOCTRINE OP ELEMENTS - SENSATIONS. 

r, / and g cases is subject to the law of error; that it is due to 
acadental errors that a constant D is sometimes cognised, sometimes 
incorrectly judged We may imagme that positive or negative errors 
are algebraically added to D, making it a, + 1^, o, or — D for sen- 
sation, according to circumstances Every error is, therefore, express- 
ible by a B magnitude, and the probabihty function ot the r, / and 
g cases is fonnulable as though iB, and not A 9, were the i for 
the relative number of cases in question. We thus obtain the rela- 
tive number of r, / and g as a function of / = AB; and by the aid 
of the equation found above for Z> = 5 and of equation (i), rein- 
forced by two other detenmnations, are able graphically to represent 
the course of the r, / and g cases according to the law of probabil- 
ity. For i? = o we have to assume an equal probabihty of r and 
^ I.S., a Further, for — D the / cases become ♦- cases, 

and convcr'-clv It follows that the relative number of / lor a 
negative B obeys precisely the same law as the relative number of r 
for a positive 2 ?,— an / case being defined m general as that m which 
III ~ (''i ~ ^i)' curves of the r and / cases will conse- 

quently intersect at B ^ o, pursmng symmetrical paths m opposite 

dreebons Lastly, the g cases are found by the equabon — =» 

r-^r 


The three curves are accurately represented in Fig 6 The ordi- 
nates represent the numbers of the parbcular cases, the sum of which 



Hg. 6. 

is n; the absdssse denote the t = AB given in Fechner’s fundamental 
table To avoid disturbance of the regular course of the curves of r 
and/cases, the term r is employed for all cases in which B ||| + (r, — Vj), 
emd the term / for all in which B \\\ — (r, — r,) 

7 . If we grant the hypothesis that the foregoing discussion is in 
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place when referred to sensible discnmination and its exi^ession in 
the three classes of judgments, we may call in the aid of the law of 
probabihty, and shall find no difficulty in constructing fonnul<e from 
which to calculate the S and h for a given stimulus and a defimte D. 

Suppose that D > S , — as can be seen at once by tlie mcreasc of 
r cases over 50 p c. For the observer, 2? = Z) ±: it , where i indicates 
the positive or negative error which occasions the different judgments 
An r case will obviously occur when D is positive, or negative and 
m absolute magnitude < Z) — S. The relative number of r cases is, 
therefore, = the probability of all positive 9 + the probabihty of those 
—9 which are smaller than D —S that is — 

*(0-5)==* 

f n-s I /■ 

(2) + 


An / case will occur, when 9 is negative and in absolute magni- 
tude > D -f- 5 The relative number of / tases is, theiefore, = the 
probability of all ( — 9) — the probability oftliose — 9 which are smaller 
than D -i- S that is — 




Fmally, a g case will occur, when 9 is negative and m absolute 
magnitude > D — S but < D S. The relative luimber of g cases 
IS, therefore, = the probability of negative 9 within the limits D — S 
and D S. that is — 


g u+s j r 


In Fechner’s fundamental able the appropriate t = k D ts given 

T f ^ ^ 

for every - > o'50 For — , the value of t for the equivalent — ~- 


must be looked for m the table If the first i is written as in 
equation (2), and the second as m equation (3), we have 


( 5 ) 


h{p S) = ly, and, therefore, 

z D 
t. — /, 


zS = 


/, —t. 

" -f- /, 


( 6 ) 


D. 
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8. The practical applicatioa of the method is a very simple matter 
We will again have recourse to pressure sensations for our illustration 
Suppose that two pressure stimuli, whose magnitudes are to be com- 
pared, are given successively upon the same portion of the skin lOO 
times over. Let = 90 gr., r, = 99 gr., and D, therefore, = 9 gr 

We obtam 65 right, 10 wrong, and 25 equal cases: - = o'65, 

'^=0'io, and For ^ (in this case > crsp, D > S) 

we find /, =0'2725, for <•=09062 Hence A = o 07, and 5 

(approzimatGly) 4‘8 gr Constant errors, dejiendent on the temporal 
or spatial arrangement of the compared stimuli, can be elimmated by 
a r^lar alternation of their positions m an equal number of experiments 
within each experimental senes The elimination is most successfully 
accomplished if the mean of the and values is taken, instead of 
that of the mdmdual r, f, and g cases occumng under the different 
spatial and temporal conditions. 

The method admits both of a procedure with knowledge, and a 
procedure without knowledge The extant investigations seem to show 
that either can be followed with good results, though a half-way 
procedure leads to great irregulanties of judgment To secure a procedure 
without knowledge in regard to the D of the inquiry, it is customary 
to inteipolate blank experiments, with 2 ) = o or a negative D, whose 
frequency and position in the senes are unknown The judgments 
made in these blank experiments can be treated by themselves, apart 
from those which constitute the principal object of the mvestigation 
It IS always imperative that the number of experiments be large, since 
there is otherwise no justification for the distribution of judgments in 
accordance with the law of probability 

For the application of the method to thmulut dettrmination, cf 
G £. MQller, Utber iit Mmh*atmmungtn du Ortstnnes der Haut 
mUtelt der Mrlkodt der nchttgm und faltchen Fall* (Pflttger’s Archtv 
fir dte ga. Fhytiologte, XIX., 191 ff ), and Fechner, Ueber dte 
Methode der ruktigen und faltchen FBUe m Antvendung atf du Mass- 

betiimmungtn dex Raumnnnet {Abhandl dts Kgf. Sdchs Get d. 

Wut, XXII., Ill ff). For Its application to difference companion, 
cf. C Lorenz, Untenuchungen iher du Auffattung von Tondtstanzen 
(Phtl Studun, VI, 26 ff), and F. Angell, Untersuchungen iher die 
SchSitung von SchalhntenntSten nach der Methode der mittleren Ab- 
tttffungen {Phtl. Studun, Vll., 414 ff.). 
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It hu often been said that the method of nght and wrong cases u the best 
of all the psychophysical measurement-methods Ihe statement cannot be accepted 
as It stands and that not only becaose of the very large number of experiments 
required. It is tine that mathematical mgenuity is most stnkingly evidenced m 
the development of the theory of this method, but it is still an open quesbon 
whether the application of the law of probabihty is jusbfiable. Even now we 
can ]ximt to certain facts and arguments which cast doubt upon the validity of 
that law for the magnitude of sensibvity and sensible discrimination. 

(i) No account has been taken of the important difference between direct and 
indirect sensibvity and sensible disenmmabon If our assnmpbon Is that the 
apparent sbmulus-differcncc is produced by the co-operabon of posibve or nega- 
bve errors, that can only mean that the sensatwn-AiSeaaux is posibve, negative, 
or o, and that accordingly r, f, and g judgments occur. But there can be no 
quesbon that any one of these judgments may be recorded in consequence of an 
accidental inclmation towards or preparedness for a certain judgment category, 
without the sensabon-difference having necessarily undergone a corresponding 
change. As a matter of fact, mstanoes of a habituabon of judgment have been 
observed and it needs no proof to convmcc ns that they cannot be subsumed 
off-hand to Ganss’ law But there is one fact in particular which pomts to this 
mcongruity between the direct and mdiiect sensibvity and sensible disenmmabon 
We should expect, on the law of probability, that with increase of D there would 

be effected, besides an increase of — , a more Bptedy disappearance of — than 


of For the errors which 


to occasion the / judgments, are 


greater than those which cause the judgment g. In pracbcc, however, and espea- 
ally m the procedure without knowledge, it has been found, not only that — is 


ordinarily smaller than — , but also that as the sbmulns-difieience m 


appears earlier than — . This fact must be taken m connection with that of the 
occurrence of the ‘donbtfiir cases, menboned m the text ■ judgments, m which the 
subject IS clearly conscious of a differcnoe between the sensabons compared, but 
IS unable to detemune its direcbon. Although these equivocal difference judgments 
do not figure m the report as a special category after a certain stage of pracbee, 
their inQuence does not by any means cease to make itself felt On the con- 
trary, the relabve preponderance of the / cases clearly mdicates it The probabih- 
bes that an equivocal difference judgment is transformed mto a definite r oi / 
are about equal, the probability that it is registered as g extremely slight That 
IB to say, f cases may be looked for wherever the equivocal difference judgments 
are possible, t.e , with all sbmulus differences which are too large to evoke judg- 
ments of cqnahty These considerabons have led to the proposal of two limens 
— a limen of right cases, and a Imien of undecided cases At any rate, the feet 
has nothing to do with any alterabon m the magnitude of a sensabon-difference 
by accidental errors of observabon. — The determination of the proposed hraen of 
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the genenl cognibou of diffiirence cannot be really earned out, if only for the 
reason that the * doubtful ’ judgments occur in practice rarely and irregularly 

The only way of coping with this incongruity between the g cases and the r 
and / cases is that followed I 7 Merkel in his Method* dtr GlcuhkeUs- tmd 
VngItuUutisJaUt. Unfortunately, the procedure is not worked through with 
logical consequence. The inequahty cases are identified with the r, and possible 
f included in the g judgments. 5' can be determined on this method only if 
experiments are made for at least two different D, and the S is then obtained from 
the resultant nines by mterpolabon. 

This modification of Merkel’s is, however, psychologically regarded, an improvement 
upon the method of r and f cases as ordinarily understood. Besides which, it 
does away with the inappropriate and misleading terms ‘right’ and ‘wrong’. But 
It still leaves the question of the relation of the direct to the indirect sensitivity 
and sensible diacrimmabon open, and so fads to meet the objeebons urged against 
the applicability of the law of error Their incongruity gives the reason for another 
fact — that the employment of different D has led to the ascription of different values 
to S This result is not due to a dependency of sensible discrimination upon 
the magmtude of the D (r, remaining the same), occasioned perh.tps by a dif- 
ferent d^ree of strain of the attention, but is an artifact of the method If 
with increase of ^ the ^ cases deirease more rapidly than the /cases— the 
disproportion begmnmg from somewhere about the point at which D = S, — it is 
dear that the value of S for a larger D cannot be the same as its value for a 
smaller D, But that makes it qiutc doubtful, in what relation the calculated .S 
really stands to sensible discrimination In any event, the conclusion of our pre- 
sent discussion must be that the method of nght and wrong cases is not to be 
placed on a higher plane than the gradation methods, which fiimish us with 
direct information of an incomparably more reliable kind as to the magmtude of 
sensitivity and sensible discnmmation. 

( 3 ) Gauss’ law postulates an equal distribution of positive and negative errors, 
and a maximal probabihty for the error o It is again only m certam cases, not 
by any means always, that these postulates hold for sensible discrimination For 
instance, it is not mvanably true that with a /7 = o the ^ cases are the most 
numerous. And sensible discrimination for a stimnlus decrease is by no means mva- 
nably the same as sellable discrimmation for a stimulos increase. If the relabve 
scnable discnnunahon, and not the absolute, is constant, the probability of negative 
errors must be greater than that of positive, it bemg assumed that the r, /, and 
g judgments are dependent upon their co-operation In the same way, the mcrease 

of — on either ade of the limi t where — = ^ will obviously be conditioned by 

the absolute (or relative) sensible discninmation in a maimer which can hardly be 
brought to light at all by the method of right and wrong cases. The various 
modes of overestimation and underestimation, which can be so simply demonstrated 
by the gradation methexis are more or less concealed under a general law of error, 
which is made the pnnaple of distribution of the separate judgments. All this 
shows, again, that the method of minimal changes, with its freedom firom postu- 
lates of a law of error, etc., is not onlr more simple, but also better applicable to 
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the detenmnation of the magnitude of sensitivity and sensible discrimination, than 
IS the method of right and wrong cases. 

(3) We must note, too, that the theory of errors of observation admittedly 
confines the notion of ‘accidental error* to those deviations from the most probable, 
mean value, the causes of which are unknown, or at least indeterminable as regards 
then separate degrees of mfluence. Thus it is usual to speak qmte generally of the im- 
perfection of mstmments, or the uncertainty of perceptions, without gomg into 
details concerning the reasons for tins imperfection and uncertainty or their com- 
parative importance, and without drawing any accurate distinction between external 
sources of error m the apparatus, and mtemal sources in sensation The only 
assumption which is made is, that the number of sources of error and of their 
possible connections remains constant. But sensitivity and sensible discrimination 
are not subject to 'accidental errors’ m this sense of indeterminable variations. 
On the contrary, the conditions under which they stand, and the influences which 
these conditions exert upon them, are made the object of elaborate investigation ; 
and the procedure which gives us positive and unconditional information regarding 
them IS, therefore, absolutely the best. It is accordingly advisable to postpone the 
examination of the magnitude of sensitivity and sensible discnmmation by the 
method of right and wrong cases, until we liave acquired such a measure of 
assured knowledge respecting its laws and conditions as will enable us to work 
out, m theory and practice, a reliable error method , one which, while taking 
account of all these phenomena, shall be adequate to the accidental variations that 
still remam, — ^The measure of precision, k, is, as a constant, mdependent of such 
vanations. This simple mathematical fiict makes it probable that the above consid- 
erations do not apply to h. And in practice it has been found, that h remains 
unchanged with increase of D, provided that the other experimental conditions do 
not vary. A measure of the deUtacy of sensitivity and sensible discrimination can, 
therefore, be obtamed from the method of right and wrong cases, even as ordi- 
narily employed For this purpose, h may be determined by the simpler Fech- 
nenan procedure; the appropriate t=kD is found m the fimdamental table for 
r+S. 

the purUcular or ^ \ and k made=-^ Ct Khmpfe : BtUrkge swr ax- 
penmentellen PrUjung der Metkode der nektigen und falscktn F&tte (Pktl. Sludiete, 
VIII., 511 ff,); Bruns, Ueber du AutgUukuug stattstueker ZdkluHgen m der 
Psyckopkysik {Phil Studun, IX , I tl.). 

II. The Method of Average Error. 

9. The procedure in the method ofaverage error consists in the repeated 
reproduction by the subject of a given stimulus or stimulus difference , «.« , 
in the collection of records of r, ||| (a given) or Ar, ||J (agiven) Arj. 
It is, therefore, applicable only to stimulus comparison and difference 
comparison. A stimulus determination or difference determination in 
the absence of the stimulus or difference to be determined— if die phrase 
18 permissible— would scarcely be possible, as the just noticeable stunulus 
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and the difference lunen are limiting values, not to be obtained by any 
voluntary predisposition, however frequently repeated Hitherto, the 
method of average error has been applied only to stimulus comparison , 
so that nothing more can be said of its applicability to difference com- 
parison than that an affirmative judgment is' warranted on general 
grounds Its sphere is still further limited by the fact that it can 
be profitably employed only m cases where the union of subject and 
experimenter in one and the same person is easily practicable and the 
results of the union suffiaently trustworthy. This second condition is 
best realised by the choice of stimulus magnitudes which allow of con- 
Unuous alteration, passing through all possible gradations withm certain 
fixed liimts, a fimte number of steps may very well give occasion to 
constant errors of predisposition It is further desirable that the stimulus 
alterabon be effected not only without trouble, but mechanically, 
without making any demand ujion the attention, and that no piarticular 
adjustment be consdoualy or unconsciously given an advantage over the 
rest In otlier words, care must be taken that the subject’s judgment 
18 altogether dependent upon sensitivity or sensible discnminabon, and 
IS not affected by secondaiy circumstances We see at once that the 
fulfilment of such a condition cannot always be assured, and thus 
have further reason for our opimon that the method of average error 
can be employed without suspicion only m certain sjieoal cases 

la The procedure in stimulus comparison is exceedingly simple 
A stimulus, r^, is given. The subject is required to make a second 
stimulus, exactly equal to m sensation, n tunes These n ‘ error 

stunuh’ present certain differences, in virtue of which they can be subjected 
to mathemabcal treatment If the separate error stimuli are 
and we take then average 

(1) . 

F is the mean error stimulus or the average crude error It helps ns 
to determine (a) a constant error 

( 2 ) F-n=±C, 

which measures the divergence of the apparent from the objective 
stimulus equality. This constant error may be referred partly to the 
temporal or spatial posibon of the sbmuli compared, partly to differ- 
ences of sensiUvity To ascertain the facts underlying the two possi- 
bilibes m the parbcular case, we must eliminate the time or space 
error in the usual way, by an appropriate variation of the arrangement 
of the stimuli. If a constant difference between F and r^ is sbll left, 
we know that the sensitivity for r^ and r, was different, i e., that 
r, was overestunated or underestimated as against r^ The magnitude 
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of sensitivity is then measured by and r, (= F), just as in the 
corresponding gradation method, by aid of the equation 
Sensitivity^ . Sensitivity^ = 

(§ 7- 5)- ^ employed (i) for the determination of a vanable 

error. The mean variation or average error {MV or MF) of the 
separate enor stimuli is calculated . 




-/ ■ )» + - A)* 


This tSm (or Awj) is the mean vanable error or average pure error 
Like the corresponding MV (or MF) of the method of minimal 
changes, it furnishes a measure of the delicacy of sensitivity. — It has 
been the custom to look upon this mean variable error as the peculiar 
measurement-value afforded by the method But Wundt has shown, 
that in the value of F after the elimination of the time and space 
enors, which he terms the true constant error (F — r^), we have a 
measure of the magnitude of sensitivity, analogous to the A of minimal 
changes proper (§ 7 6) 

II. The simpliaty of the procedure just described renders a Figure 
needless We may, therefore, proceed at once to consider an instance 
of its apphcation Pressure stimuli will hardly serve our purpose, 
since a continuous inaease or decrease of pressure intensity could 
be efiected only by the help of special and complicated apparatus 
(cf. 9 above) We will take the comparison of distances by the eye 
Suppose that two honzontal distances are marked off by fine, smooth 
lines. The left-hand distance, remains constant at 50 mm , the 
right-hand distance, V, can be altered by means of a finely threaded 
screw, the turning of which moves the luniting line in or out Vis 
made apparently equal to M ten tunes , and its values are = 52, 
/• = 49 . fs = 50. A = .Si./,= 52, /, = 50,/, = 49./8 = Si./o = 51. 
/i 0 = SO- We then have F= 50 5 mm., C= + 05, Aw = o’Q To 
ascertain whether the constant error is not merely accidental, 1 e., due 
to a chance fluctuation of sensitivity which the small number of 
experiments would not suffice to compensate,— to a defect in the 
experimentation, rather than to any particular attitude of sensitivity, — we 
calculate out the probable error, by the formula already given (§ 8 2) 
This proves to be 024, t.e, is <: C. We may, therefore, suppose 
that what we have discovered is a true constant error, and we proceed 
to determine its special nature by elimination of the space error. — 
With regard to the nght regulation of predisposition, we may note that the 
variable stunulus must not be always changed in the same direction, 
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that its equality to N must not be obtained always from a higher or 
always from a lower value, but that the direction must be varied, so 
that equality is as often reached from the one as from the other Another 
way of avoiding the error that might arise from alteration in a single 
direction is to move the variable stimulus to and fro m each experiment, 
until the point of equality seems to have been found with absolute 
accuracy This latter procedure may, perhaps, dimmish the value 
Am, educe a greater delicacy of sensitivity (of which Am is an 

inverse measure) ; but it has the disadvantage of making the determi- 
nation of equality tedious and more fatiguing 

12. We may conclude by giving a comprehensive table of the values 
furnished by the various methods, which are prinapally employed m 
the measurement of sensitivi^ and sensible discrimination. 


Stimiiliii and Difference 

Detennination 

Comparison 

1 

1 

Hagnitnde 

6 

{Semtttvtt)> ^^Senstfivtfyi = 

Delicacy 

MV-, MF 

MV; MF 


1 

Ab- 

S 

Ar|||An 

\SenstbU Dtscrtm StnsibU 
Dtscrtm.i =r Ari : Av) 

if 

1 

Re- 

lative 

S 

Ar Av, 

, ; r-.n^n-rt 

r r, 

If 

iS 

1 

Ab- 

MV; MF, k; Am 

MV; MF 


t 

Re- 

lative 

MV 

MV MF MV MF 


f g. Stimulus and Nervous Excitation. 

I. The physiological defimbon of ttimulut is too wide for psy- 
chological purposes. The physiologist means by stimulus the cause 
of a change in the state of the organism; the psychologist means 
by it the condition of a change in consciousness. As eveiy condition 
of a change in consciousness is at the same time an affection of the 
organism, the psychological stimulus is simply a qiecial form of the 






§ 9. STIMULUS AND NERVOUS EXCITATION 


79 


physinlogical. There is one particular class of physiological stimuli to 
which all psychological stimuli (at least in man) may be subsumed, 
the stimuli, it., which produce an alteration m the nervous system, 
an ‘excitation’ We can, therefore, make our definition more con- 
crete, and say that by a psychological stimulus we mean the cause 
of a nervous excitation which is attended or followed by a change 
m consaousness. The cause of a nervous excitation of this kind 
may be (i) another nervous process, (2) any other organic process 
connected with it, or (3) a physical or chemical action external to 
the organism. In any event, the word ‘stimulus’, in psychological 
as in physiological nomenclature, always signifies a physical, measur- 
able process, whose nature we more or less completely understand. 
Our own use of the term so far has not been altogether uneqmvocal. 
We have spoken in the usual way of a ‘just noticeable stimulus’ or 
‘stimulus-dificrcDce’; and this usage may have suggested to the reader 
that the observer in the experiments from which these magnitudes 
are derived, directly determines or compares the stimuli or their difler- 
ences Really, of course, the only objects of the observer’s estimation 
and perception are the sensations which he experiences, not the 
stimuh within or without his body The phrases in question, then, 
must refer to the result of the observation, which is common property, 
not to the observer The same holds of the expressions ‘stimulus 
determination’ and ‘stimulus comparison’. We prefer not to speak 
of ‘just noticeable sensations’ or ‘sensabon-difierences ’, because we 
do not wish to embody in the termmology of empincal measurements 
any particular hypothesis of the relation between the direct and 
indirect sensitivity or sensible discrimination To assert the notice- 
ability or unnoticeabihty of a sensation-difference would be to assume 
dt once an incongruity between the direct and indirect sensible dis- 
crimination (cf. § 4 b) The measurement terminology in ordinary 
use IS based simply upon the correk-ition of judgment and stimulus, 
the only links in the chain of dependency to which the objective 
investigator has access. 

2 We (hstinguish stimuli as txitmal and inttmal according to 
their place of origin. The former are physical or chemical processes 
outside of the oti erver’s body, the latter correspondmg processes 
within it Thus, a concussion of the air which produces an auditory 
impression, or a weight which exerts a noticeable pressure upon the 
skin, would be an external stimulus. External stimuh are the peculiar 
instruments of experimental investigation, and the measurement methods 
which we have hitherto discussed employ them almost exclusively. 
Internal stimuh are origmated, v.j'., by the constant processes of 
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metaboKsm, in the most different parts of the body But as a general 
rule, these stimoh do not give rise to consaous phenomena, unless 
the nervous exatahons which they set up are abnormal or especially 
strong. Internal stunuli are, further, occasioned by movements of the 
body or parts of the body, these appear to possess an extreme 
facility in the evocation of sensations and feelings And lastly, ner- 
vous processes, central or peripheral, which are not directly due to 
some external cause, may be regarded as internal stunuh. ‘ Reproduced ’ 
sensations are referable to internal stimuh of this kind. 

External stimuli are genencally classified as physical and chemical 
The former admit of subdivision mto mechanical (pressure, impact, 
pull), acoustic (penodic and aperiodic concussions of the air), thermal 
(heat, cold), optical (homogeneous and mixed light), and electric 
(galvamc and faradic currents) Magnetic stunuh, as such, have no 
more effect on consciousness than on the organism. The process of 
organic stimulation which all these external stimuli initiate,— the 
process, that is, which precedes the arousal of a nervous excitabon 
in a particular sense-organ, may also be either physical or chemical 
We, therefore, speak of mechanical and chemical senses, the fonner 
including those of pressure and heanng, the latter those of temperature, 
taste, smell and sight 

3. External stimuli are further divided, accorduig as their effect 
is special or general, into adequate (homologous) and inadequate 
(heterologous) stimuli. It is characteristic of the former that they 
can affect only a particular sense-organ, and set up the excitatory process 
peculiar to it Thus, optical stunuh are ineffectual for the production 
of visual sensations unless they act on the eye (retina) , acoustic 
stimuli are meffectual, except for the ear. Stunuh are inadequate, on 
the other hand, when they do not bear any such definite relation to 
the sense-organ. The one fact of importance underlying this classifi- 
cation is that ‘adequate’ stimuli form a continuously graded senes, with 
which the corresponding scale of sensations can be directly compared 
The entire system of visual sensations (as we shall show later) can, 
eg, be correlated with ether undulations; whereas pressure on tlie 
eye-ball, or galvanic stimulation of the optic nerve, though an ‘inade- 
quate’ stimulus for light sensations, caimot be brought into functional 
relation with vision over its whole range Each sense-organ has its 
own adequate stimulus; the skin, pressure and temperature; the ear, 
concussion of the air ; the eye, rayrs of light * although it must be 
admitted that for taste and smell the adequate stimulus, which we must 
suppose to exist, has not as yet been defined in terms of physics or 
chemistry. Any other stimulus which can excite the sense-organ or 
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the sensoiy nerve will then be 'inadequate’; mechanical pressure and 
impact for vision, electncal processes for the skm, etc. Psychophysical 
measurement of sensitivity and sensible discrimination presupposes, of 
course, the employment of adequate stimuli ; — of stimuh whose form, 
strength, duration and extension correspond more or less directly to 
the quality, mtensity, duration and extension of sensation Defined 
in this way, the notion of stimulus ‘adequacy’ is not only sufficiently 
unequivoc^ but acquires an especial value for expenmental p.sychology. 
We shall, therefore, in what follows, make almost exclusive use of 
adequate stimuli in reviewing the functions of the vanous scnse-oigans 
How these unequivocal relations between particular stimuli and partic- 
ular sensations originated, — how their origin is to be explained, — is a 
question which we cannot attempt to answer here 
4. The turoout txetiaUon, which we have to regard as the proximate 
condition of a consaous process, is a process of whose objective nature, 
physical or chemical, we cannot give any exact description m the present 
state of physiology But this very obscunty has been a powerful incentive 

to the mvestigation of its dependency upon stimulus. There is only 
one kind of nervous excitation which leads directly to an alteration 
in consciousness, and which is therefore of primary psychological 
importance,— that of the ttntory nerves The excitation of a motor 
nerve results la a movement, <x, a muscular contraction. The signi- 
ficance of movements is secondary for psychology they are interesting 
simply as expressive of emotion, as voluntary or automatic, as internal 
stimuli to the sensory nerves, as objects of perception, etc.— Nerves 
are further classified, topographically, as control (running their course 
within the spinal cord or bram, the two ‘central’ nervous oigans) and 
peripheral (running their course outside these, toward the penphery of the 
body) — It is misleading to speak of centrifugal and centripetal nerves 
since no nerve has its faculty of conduction lunited to a single 
direction As a rule, however, the sensory nerves conduct centn- 
petally, the motor centrifugally, as the terminus of the former is the 
centrally situated oigan of consciousness, and that of the latter the 
peripherally situated oigan of movement — The principal morphological 
constituents of nervous substance are nerve cells and nerve fibres The 
cells (nerve cells, ganglion cells, ganglia) are found almost exclusively 
in the central portions of the nervous system, combining with the 
granular matrix (itself made up of ganglionic processes and the finest 
branches of the nerve fibres) to form the grey substance. The strands 
of fibres in the central parts compose what from its different appear- 
ance is called the white substance. 

5. We cannot here discuss the histological structure of the nervous 
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system. The reader may consult Wundt’s Phystol Psychologit, vol. i.. 
or the standard treatises upon <inatc>my and physiology We shall 
refer m brief to the minute structure of tire sense organs, as occasion 
demands but our discussion will not be intended as a substitute 
for anatomical and physiological study, with books or in the laboratory. 
And the particular facts of nervous physiology necessary in other 
connections to our explanation of psychological phenomena will be 
set forth in their proper places. For the present, we shall speak only 
of certain general facts or concepts which play some considerable part 
in the theory of mind. 

First and most important of these is the law of sptafic sensory 
energy. It is not easy to give a precise formulation of the law. The 
phrase ‘s]Hicific energy’ ongiii.illy meant what we have indicated by 
our distincUon of adequacy and inadequacy of stimuli the eye was 
the specific organ of vision, the ear of hearing, etc But when it was 
discovered that the excitation of a sensory nerve aroused the sensations 
pcatliar to the sense, in the absence of direct stimul.ition of the pen- 
phetnl organ, the sjiecific part of the physiological function was transferred 
from that to the nerves This gave a specific energy of the optic nerve, 
another of the olfactory, and so on. Later, the eneigy was specialised 
still furtlier, and a siXH-ific fibre or terminal organ assigned to each 
of the sensation qualities discrimin.ible within a sense department 
Thus the sensory cutaneous nerves were divided into nerves of pressure, 
cold, warmth, and pain , the fibres of the optic nerve into rcd-sonsitive, 
grccn-sensitive, and violet-scnsitivc (') The most recent observations, 
however, render the specific energy of nerve fibres an altogether 
improbable hypothesis , and the physiology of to-day is, thcrclore, 
inclined to look for specialty of function not in the nerve, but in the 
penpheral or central termini of the nervous apparatus. 

6 This view attempts to explain the fact that general or 
heterologous stimuli arou.se m a nerve fibre the exiitation specific to 
its peripheral organ, by emiihasising the effect of adaptation to parti- 
cular forms of excitation The sensory nerve becomes accustomed to 
the function imposed upon it by its connection with peculiar terminal 
organs. On this theory, that is, we should not speak of a specific 
energy of the sensory nerve, but only of a specific function of it 
under given circumstances But that phrase, again, is hardly admis- 
sible, since a nerve which is brought into different connections appears 
to give up Its previous function at once, and to take on that which 
the new connections dictate We are, therefore, compelled to regard 
the fibre as a perfectly indifferent conductor, capable of quite different 
functions I of propagating or evoking quite different excitations. 
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according as it tenmnates in one organ or another. It ha.<t not inaptly 
been compared to a telegraph wire, which will ring a bell, move a 
penal over paper, or decompose chemical substances, just as we 
connect it The effect of inadequate stimulation may now be explained 
in one of two ways . we may suppose either that a peripheral organ 
is somehow directly affected,— that when we are stimulating by the 
electric current there is an escape of electnaty towards the penphery, — 
or (and this is more probable) that the excitation set up in the nerve 
is projiagated to the terminal organs. The mere fact that an inadequate 
stimulus IS able to excite the nerve between centre and penphery, 
while many adequate stimuli apparently cannot do so, can hardly be 
urged m support of the doctnne of specific energies For (i) we do 
not find m general that every physical or chemical process affects 
others in the same way, and, therefore, must not expect that every 
stimulus will necessarily set up a sensible excitation in a nerve fibre , 
while (2) we cannot allow that the statement possesses anything like 
the universal validity to which it lays claim. It has been recently 
discovered, tg, that the acoustic nerve is exatable by waves of sound, 
after the exfarpation of the penphcral organ. 

7 Looked at in this way, the doctnne of specific energy is 
plainly no more than the regulative principle of psychophysical 
parallelism— which says that a peculiar physiological process corre- 
sponds to every distinguishable conscious quaUty— apphed in a particular 
department. Now there is nothing m the pnnciple which requires 
these peculiar processes to have separate anatomical substrates Its 
formulation in particular cases will be entirely dependent upon the 
actual phenomena presented by consaousness and the facts of bodily 
organisation as ascertained by natural science. Since we are able to 
analyse a clang, eg , we must assume that there are special instru- 
ments of analysis to be found in the ear. But since we are unable 
to analyse a complex of visual qualities, we shall satisfy the demands 
of theory by assuming that the changes which we remark in colour- 
tone and brightness are occasioned by a differentiation of excitatory 
processes withm a single anatomical organ It would, therefore, be 
quite wrong to imagme that the pnnaple of psychophysical parallelism 
posits a specific nerve or a specific penpheral or central organ for 
each individual conscious quality The pnnaple simply requires the 
correlation of peculiarities in psychical processes with peculiar properties 
of nervous processes; the exact determination of these latter it leaves 
to the necessities or discovenes of the special case 

As to the localisation of the ‘specific’, in its first beginnings,— of 
the condition of the peculianty of a nervous process,— wc can hardly 
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be in any doubt The latest anatomical investigations show that the 
sensoiy centres are very uniform m structure; whereas the penpheral 
sense organs present obvious differences, which are plainly of importance 
for the differences in the conscious processes which they mediate. If 
we continue to speak of specific energies, we must consequently localise 
them in the peripheral sense organs Look at the two higher senses, 
and see how admirably the structure of the eye is adapted to its 
spatial duty, and the structure of the ear to its qualitabvc function 1 
The specific significance of the external organs is also evidenced by the 
fact, that their absence entirely prevents the appearance of sensible 
qualities m consciousness, while extitx>ation of the corresponding central 
organs may to a certain extent be compensated by the activity of others 

8 We arc, therefore, justified in supposmg that the nerve fibres 
and their central terminations are physiologically indifferent structures, 
capable of the most diverse functions; and th.U their specific character 
is imposed upon them from without In other words, the exatations 
of the central organ are functions not intrinsically localised, but 
altogether dependent upon mtemal or external stimulation But it is 
suiGoently clear that their connections must give them a definite 
form; and that practice, the repetition of the same function, must 
bring about a predisposition, more or less strong, to the performance 
of that function This explains the large measure of success that has 
crowned the attempts of physiologists to determine the particular 
cortical areas with which the sensations of the vanous senses and the 
different motor impulses are correlated Such an area, or localuation 
centre, is not to be regarded as the inevitable substrate of a class of 
sensations or of a sensation quality, on the same plane with the 
penpheral oigan, but only as a condition of its appearance which 
has acquired importance m consequence of the accustomedness of 
certain connections. An illustration is afforded by nght-handed 
wnting; the right hand may be considered as a lotahscd complex 
of conditions, but is not the inevitable substrate of the movements 
subserving penmanship 

We shall, then, m what follows, briefly indicate the cortical local- 
isation centres of the vanous conscious functions But we shall make 
no reference to the particular paths of conduction, since a knowledge 
of the nuclei with which a sensoiy nerve is connected withm the 
brain is psychologically unnecessary, however mteresting from the stand- 
point of anatomy and physiology. 

9 There is, however, one recent discovery of which mention 
must be made, as it seems to throw light upon many points of diffi- 
culty in the theory of sensation,— the discovery of sensoiy nerve 



§ 9. STIMULUS AND NERVOUS EXCITATION. 


fibres with centnfugaJ cunductiun These have been carefully ex- 
amined m the case of the optic nerve, and may be presumed to 
exist in all the sensory nerve tranks Side by side with the sensory 
fibres, m the usual meaning of the term, which take their ongin in 
the penpheral organ and terminate m the brain, there will then be 
another set of sensory fibres, originating m the brain and ending in 
the sense-organ. This fact helps to explain (x) the effect of inade- 
quate stimuldUon upon the nerve stem We may suppose that the 
excitation is propagated along centnfiigally conducting fibres to the 
periphery, and at that point makes itself known m consaousness by 
the ordinary channels. At the same time there is no difficulty in 
the alternative hjrpothesis, that the accustomed exatadon is directly 
set up in the centripetal fibres (2) The phenomena of after-sensation, 
which have only lately become known to us m detail, may also be 
brought into connection with this anatomical discovery. It has been 
found, «^, that an exclusively monocular stimulation gives rise to 
a sensation m the unstimulated eye This suggests the existence of 
a kmd of sensory reflex-arc in an optical brain centre. (3) It has 
been noticed, in almost all the sense departments, that a brief stimu- 
lation of the penpheral organ gives («) a ‘pnmary’ sensation, (i) 
then a short pause, occupymg a fraction of a second, and (e) finally, 
a ‘secondary’ sensation, of the same quality as the other The 
succession becomes readily intelligible, if we conceive of the first, 
centnpetal excitation, as arousing a second, centnfugal. We have 
no need of the special hypothesis proposed for the sense of pressure, 
and mentioned below (§ 10 7) (4) Lastly, we may imagine that 

the ‘centrally exated’ sensations — memorial images, as they have also 
been very inappropriately named — are at least in many instances 
correlated with a co-excitation of the peripheral organs We thus 
have a comparatively simple explanation of the fact that in certain 
cases these sensations may take on the character of peripherally 
exated mental processes (cf. hallucinations and illusions). 

10 The nervous excitation is not exclusively dependent upon the 
stimulus, but also upon the nature of the nervous substance itself. 
We speak in this connection of the exctlahthly of nerves, and of their 
peripheral and central organs A high degree of exatability denotes 
a qmck and ready reaction upon stimulation; a low degree, slowness 
and difficulty of reaction These differences of excitability are partly 
individual, and so (apart from definite pathological disturbances) inex- 
plicable in the present state of our knowledge; piartly the result of 
the variation of certam conditions. Thus we are familiar with the 
influence upon excitability exerted by age, surroundings, mode of life, 
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and penod of the day. Any extended psychological investigation 
should, therefore, be earned out at the same daily hour, with mdivi- 
duals of r^lar habits of life, and in the same surroundings. Again, 
exatabihty depends upon the character of the stimuh which affect the 
nervous substance. I^ysiology teaches us that as a general rule weak 
stimuli increase and strong stimuli decrease excitability; while a 
diminution is also brought about by long duration and frequent repe- 
tition of stunulation. To secure the greatest possible uniformity of 
nervous disposition, therefore, the relations of intensity and duration 
of stimulus must be carefully adjusted — Many psychological phenomena 
might be called upon to illustrate these statements, as, e.g, the time 
error in the companson of successive stimuli (§ 6. 9, § 31. 5), the 
affective results of sluuuUUun, etc. 



A. PEKTPHLRALLY EXCITED SENSATIONS. 

Chafteb 2. THt Qualiiy of Sensauon 
(i)The Quality of Cutaneous Sensations 
§ lo. The Sensation of Pressure. 

I. By peripherally excited cutaneous sercsations we understand 
sensations produced by stimulation of the s>eiisury nerves which ter- 
minate in the bkin Our every-day experience tells us that these sen- 
sations arc of three kiniK -sensations of warmth, cold, .ind pressure The 
object of their scientific examination is to discover (i) whether they arc 
tlic only qualities correlated with stimulation of the cutaneous nerves, 
and (3) m what relation they stand to one another and to physiological 
processes, or, in other words, (i) what is the course of the qualitative 
sensitivity and sensible discrimination in the sphere of cutaneous 
sensation, and (3) what arc the prmcipal conditions of the rttsulls 
which they furnish By ‘qualitative sensitivity’ we mean, of course, 
only the modal sensitivity , since the qualitative stimulus limen coincides 
in cutaneous sensation with the intensive (or extensive and temporal), 
and therefore sensibility cannot be dealt with till we come to the 
chapter on Intensity of Sensation And our investigation of sensible 
discnminahon need be only of a quite simple nature, cutaneous sen- 
sation apparently presentmg a very limited number of qualitative 
differences. 

E H Weber, Der Tastsinu und das Gemeingefuhl Wagner's Uandworterb 
der Physiol , III , Ft a, pp 481 ff 

O. Funke and E Henng, Dir ! astsinn und die Citneingtlnhle Tem/eraturstnn 
Hermann’s Handbuch d Physiol., III., Ft 2, pp 289 ff 

M RIix, Exponmenteiu Batrage sur LiKung der Frage Uher die sfrcifisdu 
Entrgie der llautnervcH Zeitschr f Biologic, XX , pp 141 ff , XXI , pp 145 ff. 

A Guldscheider, Neue ThatsaeheH tlhtr die Hautsiusiesmerven, Arch. f. Anat. 
M. PkysioU, 1885 Physiol AM, Ss^plcmentbd , pp, 1 ff 
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2 That pre&sure sensations ore evoked by the contact of foreign 
bodies with the skin, and temperature sensations by its heating or 
cooling, everyone will agree But it is a matter of dispute, whether 
we can distinguish differences of quality, within the category of ‘press- 
ure ’ Certam observers have enumerated, as qualities of cutaneous 
sensation, sensations of touch, contact, tickling and itching, besides 
those of pressure proper, warmth and cold In discussing such a view, 
we must apply two cnteria (i) that of the simpliaty of the conscious 
process denommated ‘sensation’, and (2) that of accuracy (freedom 
from extraneous suggestive influences) of sensitivity and sensible dis- 
cnminabon. 

(a) The distmction of sensations of contact and pressure is based 
upon two observations that contact is not referred by the subject to 
cxtitalion by external stimuli, whereas pressure conveys to him the 
idea of his aflection by some external object, and that gentle contact 
leaves the sensitive organ wholly passive, whereas pressure occasions 
a certain resistance, a certain degree of tension m the muscles sub- 
jected to it Now the first argument forsakes the direct report of 
sensible discrimination, and seeks to establish the difference by 
emphasising points which are wholly irrelevant. It therefore proves 
nothmg That a sensation serves as the symbol, or bnngs us know- 
ledge, of external stimuli, may be due to its intensity, duration, etc., 
just as well as to its quality Nor is the second observabon in any 
better case. That a strong pressure excites with conscious effect the 
sensoiy nerves in the deeper-lying organs, muscles or tendons, as well 
as the nerves of the skin, does not make any difference in the cuta- 
neous sensation, but simply combines it with muscular or tendinous 
sensations into a complex, the separate quaUhes of which are, it is 
true, sufficiently difficult to analyse. 

3 The same objections may be uiged against the other apparently 
distingmshablc qualities. (6) We speak of sensations of touch, when 
the organ which receives the stimulus, e^, the hand, moves towards 
or over the object , t.t., when the appheation of the stimulus is to 
some extent acbve or voluntary There is then a combination of 
pressure sensations with the sensations evoked by movement-sensa- 
tions of muscular contraction, tendinous stram and articular friction. 
It is again not easy to analjrse the complex into its elements, and we 
are accustomed to judge of it as a whole. But the pressure sensation 
involved does not undergo qualitative change. — The prmdpal jodgiftents 
of touch are ‘hard’, ‘soft’, ‘rough’, and ‘smooth’. These mclude a 
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reference not only to pressure and to the sensations occasioned by 
movement, but to temporal and spatial relations and attributes of these 
sensations, which we cannot now discuss. 

Similarly, the 'sensation of double contact’, which arises when a 
movable object (stick or pencil) is thrust or pressed by the touchmg 
hand against a second object, or passed over its surface, is merely a 
complex of qualities, the pressure of the stick and the resistance of 
the object touched excite the oigans of movement at the same time 
with the skin. 

We find the same explanation to hold of (t) ticklmg and (rf) itch- 
ing. They contain no new sensation, above and beyond the quali- 
ties of pressure and temperature, but consist m a combination of 
these, characterised by rapid alternation of contents or of mtensities 
of contents. 

Moreover, a thorough examination of the surface of the skin by 
means of a needle or horse-hair gives no other result than the deter- 
mination of pomts more or less sensitive to pressure, cold and heat. 
The pomts of peculiar sensitivity to contact have been named pnu- 
ure spoU Weakly stimulated, Aey give nse to a delicate sensation, 
often accompanied by tickling; strongly affected, to a ‘granular’ sensa- 
tion Tickling appears to be due to a difiusion of stimulation, and 
the consequent production of concomitant sensations. The sensation 
aroused at pomts of the cutaneous sur&ce which are not specially 
sensitive to pressure is dull and indefimte. So that direct experi- 
mental mvestigation gives no support to the view that pressure sensations 
present really qualitative differences. 

4 But there is a further point («) Our sensible discrimination enables 
us to localise cutaneous impressions with a considerable degree of 
accuracy, although we have no outside knowledge of the place at 
which they originate Thus at the tip of the finger we can cognise 
the spatial separateness of two impressions, if the stimuli which pro- 
duce them are no more than i mm apart. It is tempting to refer 
this accuracy of localisation to qualitative differences withm the scale 
of pressure sensations. There would be no need to assume that these 
differences increased with the distance of cutaneous areas from one 
another, it would be suffiaent for the hypothesis if every cognisable 
local difference corresponded to a difference of quahty. An approxi- 
mate calculation of the number of distinct pressure sensations which 
this view renders necessary gives 1100 for the head alone, and at 
least six times that amount for the whole body. But if we tiy to 
abstract, as &r as possible, from the local value of the impressions 
which affect different parts of our skin, we seem to find nothing like 
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a really qualitative difference in the sensations. We should surely 
expect, if all the many local differences depend upon qualitative 
peculianhes, that some sort of dear gradations would be discoverable 
withm the system of pressure sensations. As this is noi the case, 
we must refer localisation to other conditions, and accept the qualita- 
tive simpliCTty of sensations of pressure Further evidence is afforded 
by the localisability of impressions of temperature (produced by radiant 
heat, without contact) No one would ascnbe to our sensations of 
warmth and cold a number of speafic qualities, corresponding to their 
cognisable space differences 

Finally, (J) pain hcis been held to be a special quahty erf cutaneous 
sensabon, and pain nerves put alongside of the nerves subserving 
warmth, cold, and pressure The hypothesis has found its chief support 
among physiologists. We cannot accept it, as it stands for pain is 
produced m all cases where the stimulabon of a sensoiy nerve passes 
a certam limit of mtensity At the same time, pain may, perhaps, be 
regarded as a general quality of sensation, distinct from the speufic 
quahties which are always mvolved m it (whether as mtense heat or 
excessive pressure or grating tone or blmding light), and from the 
unpleasant feeling with which it is combmed The qualities which 
cutaneous pain contains, besides that of pressure, are therefore, a 
specific feelmg and a general sensation quality, which may be ongm- 
ated by the exatabon of any sensory nerve (cf § 36 4) 

5. We conclude, then, that in ^1 probability the name ‘pressure 
sensabon’ denotes a single sensabon quahty We have now to raise 
the quesbon of the piace of its peripheral onginabon It may be laid 
down m general that both the external skm and the ‘skm’, as it is 
ordinarily called, which lines the internal passages of the body can 
mediate pressure sensabons. But whether this skm can funebon as 
a sense organ over its whole extent must be left undecided Some 
observers have asserted that the cold and warm spots are not sensitive 
to pressure and contact, and that certain parts m the intenor of the 
body are mcapable of pressure sensabon. But the truth contamed 
m these views appears rather to be that sensibihty to pressure suffers 
marked dimmubon at certam places. Pressure exatations can be set 
up at any point of the skin, provided only that the sbmuh are sbong 
enough. Of course, there is the possibility that the stimulabon 
extends, unbl it mvolves sensitave parts.— No single proposition of 
umversal validity can be formulated, for the reason that the nature 
of the skin itself differs appreciably from point to point, and its nerve 
supply, the thickness of the epidermis, imd other circumstances, may 
shift the limen of pressure sensations very considerably. 
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An observation which has been quite recently made deserves men- 
tion here It has been found that after bnef contact, afttr-utuattom 
make their appearance. They are separated from the primary press- 
ure sensation by a blank mterval, just as are the after-images with 
which we have long been ftimiliar in the sense of sight. They can 
be best obtained from a gentle tap with the point of a needle, and 
seem to move in the opposite direction to the primaiy sensation, 
welling up from withm. If the stimulus is electncal, the break-shock 
of an induction coil, they do not occur unless at least two shocks 
have been given in quick succession. 

6. A theory of pressure sensation must state the special conditions, 
upon which &e appearance of the quality of pressure in consaousness 
is dependent These conditions must necessarily be sought m spe- 
cific bodily dispositions and functions smce (i) it is impossible to 
denve the individual fact of a particular sensation quality from a defi- 
nition of nund, or from general faculties and dispositions ascribed to 
it, and (2) the adequate mechanical sbmuh are by no means the sole 
factors m the origination of pressure sensations We may look for the 
exatations which are functionally related to these ‘either m a pen- 
pheral organ and the nerves connected with it or in a central organ. 
Sensations have been obtained by duect electncal stimulation of cutaneous 
nerves as well as by stimulation of the external skm It would seem, 
therefore, that the nerve concerned m their production is capable only 
of the smgle reaction to which its connection with defimte terminal 
organs has accustomed it. These organs, then, are the most essen- 
tial constituents m the complex of bodily conditions forming the 
substrate of the quality of pressure. 

The skm consists of two layers, the epidermis above and the eulu 
below. The former is divided into the stratum comeurn and the stratum 
Malptghti, the latter mto the conum and the subcutaneous connective 
tissue. The conum is the part most nchly supplied with nerves It 
IS probable that fine nervous processes penetrate mto the epidermis 
The nerve endings are partly free, ie, composed of very fine fibrils, 
partly enclosed in special cells. These latter have various forms, and 
are classified as the touch cells of Merkel, the touch corpusdes of 
Meissner, the end bulbs of Krause, and the corpuscles of Vater and 
Facim The thickness of the epidermis vanes between 0*05 and 
3 75 

7 The anatomical fiacts suggest a relation between pressure sensa- 
tion and some one of these kinds of nervous termination. It was 
formerly thought that the free endings were sensitive only to general 
nervous stimulation, while the ^ledfic terminal organs were reserved 
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for the effects of pressure and temperature But such a view is 
negatived (i) b7 the fact that the corpuscles of Pacmi, touch corpus- 
cles and end bulbs have a much more Imiited range of distnbubon 
than the cutaneous sensations; (2) bj the observation that the cornea, 
which is sensitive to pressure and temperature, contains only free 
nerve endings; and (3) by the result of a direct compiarison of cold, 
warm, and pressure spots with, the nervous structures underlying them, 
which showed that they bear no uniform relation to the terminal 
organs m question. The corpuscles appear, therefore, to have no 
defimte reference to the quality of sensation, but to be mtended 
either for the protection of the nerves or for the more accurate 
distribution and isolation of stimulation On the other hand, Gold- 
scheider beheves that he has discovered a difference m the character 
of the nervous terminations underlying pressure spots and tem- 
perature spots respectively. In the former case, the fibrils are spread 
over a larger cutaneous area, innervating a relatively extensive portion 
of the conum. It may be that this plate of mterlacmg fibres is the 
specific substrate of the perception of pressure 

The sensory nerves of the skin pass into the posterior columns of 
the spinal cord, and there ascend in the white masses by a fairly 
ducct path to the cerebral cortex, which they reach in the neigh- 
bourhood of the central convolubons. A certain proportion of their 
fibres, however, enters the gray substance of the cord, where the 
origination and propagation of an excitatory process is in general 
slower and more difficult This fact has been used to explain the 
appearance of the after-sensation The excitation of the gray sub- 
stance gives rise to a second sensation, but the relations of excitability 
and conduction obtaining there are such as to defer its appearance 
imtil a noticeable interval has elapsed after the passing of the pnmary 
sensation, mediated by the white substance. (Cf, however, § 9 9) 

§ II. Sensations of Temperature. 

I Temperature sensations differ from pressure sensations, which 
we have found to possess but a single quality m consaousness, m 
mcludmg a duahty of quahites, warmth and cold Wc need make no 
detailed inqmry as to whether these are the only forms of temperature 
sensation possible, since the fact is universally admitted. And there 
is equal agreement with regard to the general designation of the 
stimulus adequate to the sensitive organ. All bodies which give out 
or take up heat in the physical sense, in other words, all thermal 
■tunuli, are adequate to the exatabon of sensations of warmth ox cold. 
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whether by way of direct contact or (as in the case of radiant heat) 
of operation fimn a distance. But difBculdes arise when we come 
to ask for the special conditions of sensations of warmth and cold A 
simple mcrease or diminution of temperature can change either sen- 
sation into its opposite, the path of change lying through a potnt of 
tndtfftrence or ttro point (There is no analogy to this fact in the 
spliere of sensation, though there is a very complete one in that of 
feebng) Any temperature above this zero point will thus be a heat 
stimulus, any temperature below it a cold .stimulus; and the deter- 
mination of the zero pomt is, consequently, the first step towards the 
definition of particular adequate stimuli The physics of heat speaks 
of an absolute zero pomt (the temperature at winch the tension of 
gases = o) and of a conventional zero point, established in reference 
to a particular substance (the temperature at which water fireezes). 
Neither of them has anything to do with the pioint of indifference 
between sensations of cold and warmth We shall, therefore, speak of 
this indillerent temperature as the phystoloptcal ztro point, to distinguish 
it from the lunitmg values employed in physics. 

2. Our moat obvious course would now be to take as our phy- 
siological zero point the neutral normal temperature of the nerve 
endmgs which mediate thermal sensation, and to regard every 
mcrease of this normal temperature as a heat stmmlus and every 
decrease of it as a cold stimulus But, apart from (i) the difficulty 
of a direct determination, we have to remember that {2) the epidermis, 
a poor conductor of heat, intervenes between the external source of 
heat or cold and the terminal nervous apparatus, and that its normal 
temperature, which is variable, is algebraically added to that of the 
stimulus. Then, again, (3) it is a ffimiliar expenence that the point 
of indifference between sensations of cold and warmth dc]iends upon 
the present temperature of the skin, or, in other words, that the 
neutral normal temperature of the nerve endmg is capable of adaptation, 
within wide lunits, to the superficial temperature. And (4) it is 
questionable whether the thermal stimuh as such give rise to the 
correspondmg nervous excitation, or whether the stimulation process 
proper is not rather to be looked for in the mechamcal eflects which 
warming or cooling of the stun produces upon the nervous apparatus 
Taking all this into consideration, we shall probably do best to make 
the neutrally sensed, normal temperature of the skin our physiological 
zero point It will average about 34® C. Increase of this normal 
cutaneous temperature is sensed as warmth, decrease as cold Each 
sensation can be obtained in two ways; by increase (diminution) of 
the heat supply, or by inhibition (fficihtation) of the output of heat 
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3: Temperature sensations, like pressure sensations, cannot be 
exated in the same degree at all pomts of the skm Thus there 
appears, as a rule, to be no direct sensation of cold or warmth produable 
by direct stimulation of the mucous membrane throughout the oesoph- 
agus and downwards to the excretory passages Temperature sensations 
which we localise m the mtenor of the body must be regarded as due 
to a change of temperature propagated from withm to the external 
skin Nor is that uniformly sensitive A careful examination of those 
portions of it which are accessible to experimentation has led to the 
discovery of points particularly sensitive to cold and heat, as well as 
to pressure. They can be found not only by thermal stimulation 
(hollow metal cyhnders, pointed at one end, filled with a hquid of the 
required temperature) , but by electrical (weak induction current) and 
mechanical (pomted piece of cork) as well Bhx and Goldscheider, 
accordmgly, apeak of warm and cold spots, and regard them as the 
pecuhar terminal organs of the temperature sense, and as independent 
of the pressure spots The warm spots, m their opinion, are locally 
distinct from the cold spots No cold sensation can bo produced in 
the former, no warm sensation m the latter These observations, 
however, were not confirmed by Dessoir, and are theoretically so 
Improbable that we may declme to accept them It is diilicult to 
know what to think of a cold spot, which when afiected by a ther- 
mally indifTorcnt mechanical stimulus mediated a noticeable sensation 
of cold, and when carefully touched with a point of heated graphite 
gave a vivid sensation of warmth The faraiiiar fact of the adaptation 
of the nerve to the momentary normal temperature of the skin can 
hardly be lirought into harmony with the existence of special apparatus 
for the two qualities of the temperature sense It is, therefore, qmte 
possible, — indeed, it seems to be shown by pathological observations, — 
that the sensations of pressure and temperature are dependent on 
different nervous organs , but it is probable that the sensations of cold 
and warmth are referable to different forms of the excitatory process 
within one and the same nerve 

4 Not much can be said at present of the anatomical substrate 
of temperature sensations There is no proof that any of the four 
forms of the terminal organs of the cutaneous sensory nerves (§ lo 6) 
has as its specific function the taking up of thermal stimuh Gold- 
scheider’s histological examination of fragments of skin upon which 
cold, warm, and pressure spots had been determined, led him to 
declare that a characteristic difference obtained between the nerve endmg 
beneath a pressure spot and the nerve ending beneath a temperature 
spot ({ 10. 7), but did not mdicate the existence of any difference 
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between the cold terminations and warmth termmations assnmed by his 
theory This is noteworthy Dessoir attempts to show that the ‘ Iree ' 
nerve endings are the specific organ of temperature sensations It is 
certamly not without significance that the compact bundles of nerve 
fibres beneath cold and warm spots are found m the immediate neigh- 
bourhood of blood vessels 

Not much IS known, again, of the further course of the nerves which 
conduct thermal excitation towards the centre They probably ascend 
to the bram, like the pressure nerves, through the posterior columns 
of the spinal cord The cortical centre, which was formerly thought 
to lx* in the gyrus fomicatus, is now placed m the gyrus sigmoideus. 

After-sensations of warmth have been observed, of a land similar to 
those of pressure The blank interval between primary and s condary 
sensation amounted to about i sec It is, therefore, conjectured that the 
thcnnal excitation also undergoes dispersion into the gray substance 
of the cord (§ lo 7), and that there summation and retardation of 
stimulation take place 

S Presupposmg that a single nervous organ serves for warmth and 
cold sensations alike, we may entertain various ideas as to the exci- 
tatory process within it According to Ilenng’s theory of the tempera- 
ture sense, two opposed processes, a.s.similation and dissimilation, run 
their course in the sensitive nervons substance If they are in equiUb- 
num, they cancel each other but the preponderance of the one or the 
olhcr means the appearance in consciousness o a defimte sensation 
The sensation of cold corresponds to assimilation, which is produced 
by the sinking of the neutral normal temperature of the skin , that of 
warmth to dissimilation, produced by the rising of this temperature As 
Hering has assumed the existence of antagonistic nervous processes 
in other nervous structures, e g , the visual substance, he should evi- 
dently have mentioned the specific characteristics, which explain their 
present function for temperature sensations At the same time, the 
general idea fits in most easily to a theory of temperature, — since 
temperature sensations do pass into each other through a point of 
indiiTcrence, and do cancel one another to a certain extent Their 
analogy with the feelings (f 1 1 i) explains how it is that the same 
idea recurs m connection with affective theory (5 41 4) 

Passing over general hypotheses of this nature, we may suyiposo 
that the nse or fall of the cutaneous temperature produces a contraction 
or expiansion of the terminal nervous apparatus, and so sets up an 
excitatory process, which corresponds to the sensation of warmth or cold 
On this view, there would be notbmg surprising in the occurrence of 
seoarate warm and cold spots, smee the different character of the tissue 
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in different parts might be expected to offer mechanical conditions 
favourable sometimes to heat and sometimes to cold. Any attempt 
at further detail in this connection would lead us into idle conjecture. 

The physiology of the setise.oTgans onully sttnbutes to the skin, besides the 
senses of pressnre and temperature, those of space, locality and touch ; and tends 
to regard pain (which it designates a common feeling, § 3. 5) as essentudly a 
entaneons quality. We must enter a protest, in the interests of clearness and 
logical consistency, against this extension of the meaning of the word ‘sense’. 
The cogmtion of spatial relatians is not the exclusive privilege of the skin, — we 
estimate extent and distance, we perceive form and locality, by the aid of eye and 
of movement of our limbs, to say nothing of sensations of smell and heanng The 
term ‘sense’, as ordinarily understood, and as used in psychophysics, can be employed 
only to cover the system of sensations correlated with a definite organ As the 
sensataons of pressnre and temperature cannot, in the present state of our know- 
ledge, be referred to special organs, it is best to speak of the ‘cutaneous sense’ 
m general, as inclusive of both classes of sensations. Dessoir’s proposed termi- 
nology sets np a haptics alongside of the temperature sense, and distingmshes 
within it a sense of contact and a sense of touch (pselaphcsia) Here ls disiilayed 
the tendency, which we previoosly condemned (§ 4 to), to name sensabons in 
accordance with the external processes of which they are the symbols, or from their 
physical conditions The only uncqmvocal pnnciple of nomenclature is that based 
on the reference to the peripheral organ 

(2) The Quality of the Sensations of Taste and Smell 
§ la. The Quahties of Taste. 

1 The mucous membrane which lines the cavity of the month, 
and the upper surface of the tongue are not only adequately excit- 
able by pressure and temperature stimuli, but contain organs for the 
mediation of sensations of an entirely new order — sensations of taste 
In popular parlance we call all the sensations that are produced in 
the mouth Hastes’, and speak of a ‘hot’ or ‘pungent’ taste as we do 
of a ‘sweet’ or ‘salt’ flavour And since there b such an intimate 
local connection between sensations of smell and the sensations of 
the buccal cavity, and both may be excited by the same stimuli, we 
are apt to attnbute to gustation the far more numerous qualities of 
olfaction; we talk in conversation of the ‘taste’ of fish or wine, and 
declare that we can ‘taste’ nothing, when the olfactory mucous membrane 
has been rendered anaesthetic by an inflammation Even in chemistry 
and mineralogy, in which a statement of the gustatory properties of 
substances forms part of their scientific description, it is not infrequent 
to find this confusion of the functions of difilerent sense-organs 
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The first problem which psychology has to solve, therefore, is that 
of the qualities of taste proper Since this problem was formulated, 
there has been a steady reduction in then number. Lmnaeus 
distinguished ten, later observers six, while there is general agreement 
at the present time that four are all that can be claimed: swttl, btt- 
ttr, aad and tali. There are, however, some psychologists who would 
add alkaltnt and metallic to the list 

2 There are two pnncipal methods for the detemunation of modal 
sensitivity, which we may term in brief the physical and the physiol- 
ogical. The physical method consists m the runmng through the 
whole scale of adequate stimuli, and accurate observation of the parallel 
alterations m conscious quahty. In the senses of sight and hearing 
it has led to a relatively exact determination of the number of possible 
sensation qualities Unfortunately, it has so far proved altogether 
inapplicable to the senses of taste and smell, for the reason that we 
cannot define stimulus adequacy for either sense-organ. We are 
Ignorant of the physical and chermcal basis of taste, and when we 
speak of a substance as ‘sweet’ or ‘bitter’, we simply state the fact 
that Its effect upon the organ of taste is to arouse that sensation, not 
denoting by the adjective a property capable of objective definition, 
independently of the sense-oigan, like that of weight or heat All 
that we know at present of the objective nature of gustatory substances 
IS that they must be in a fluid condition, to produce an effect upon 
the sensitive surface But there is no definite relation between degree 
of solubility and gustatory value Solubility w'ould seem to be merely 
a mechamcal condition of the occurrence of a taste excitation, the 
nervous structures being set very deeply in the tissues Not every 
flmd or soluble substance can excite gustation; while two substances 
of very different chemical constituUon, like cane sugar [Cj, H,, O,,] 
and lead acetate [Pb (C, H, O^)*], may give precisely the same 
taste. 

3 More has been done for taste by the physiological method, 
though much still remains to be done The method has two forms. 
It consists (r) m the examination of the entire sense-organ by means 
of dehcate and cleanly cut stimuli Such an examination is possible 
only for certain organsi As applied to the skm, the method has 
led to the discovery of pressure and temperature spots. In the 
domain of taste, h has shown that differences of perceptive power 
exist as between the vanous parts of the tongue and buccal cavity, 
and has enabled us to map out the areas exatable by taste No 
nervous organ, however, has as yet been found, which serves ex- 
clusively for the mediation of one particular taste (2) In its alternative 
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fonn the method consists in the excitation of the nerves by genetal, 
inadequate stimuli. A gentle mechanical pressure on the root of the 
tongue will arouse die sensation of bitter, while electrical stimulation 
gives nse to aad and alkaline tastes,— probably simply in consequence 
of the electrolytic decomposition of the saliva. Recently, however, 
the induction current has been reported as exating sweet and bitter 
also. Neither of the physiological methods has been able to furnish 
us with a complete list of all the posiuble taste qualities. 

My own observations lead me to think that there are only four gustatory quali- 
ties If I apply a metallic or alkaline substance to my tongue, I never obtam 
anything more than a salt or acid flavour — apart, of coarse, from sensations of 
temperature and of different degrees of pressnre I shook! refer the astnngency 
of a ‘taste’ to these latter. — No investigator has been able to discover a variety 
of qualities withm any of the four prmapal categones A very large number of 
experiments has been made, always with negative result As different sweet, 
bitter, aad and salt substances were applied, the sensation either remamed un- 
changed, or, if It altered, did so only m respect of taste intensity or the cntaneous 
and olfactory elements involved m It 

4 There is no indication of a continuous transition between the 
four qualities which tastes appear to prasent, as there is between the 
qualities of tone sensations They form, not a one-dimensional 
manifold, but a discrete system of unknown relations. Ordinary 
language, it is true, opposes sweet to the other three qualities, but 
evidently only for the reason that sweet is pleasant, even at a con- 
siderable mtensity, while the rest (and especially bitter) become 
unpleasant when they have reached a very moderate degree of strength 
Relations of contrast, however, appear to be made out. The effect 
nf an aad is enhanced by a previous sweet; and if salt and sweet 
are simultaneously applied to different parts of the tongue, each 
sensation is noticeably strengthened by the other On the other 
hand, if two substances of different flavour are mixed, and the mixture 
tasted, the discriminabon of the two original qualities, though possible, 
is not so easy as if they affected different parts of the tongue at one 
time or the same part in succession. Such experiences are not as 
convmcing as they would be if the possibility of chemical change in 
the gustatory substances were excluded. Still, they may be allowed 
to modify our onginal statement, that the directions of relation within 
the system of tastes are unknown, to some extent' we may suppose 
that the four sensations do not come and go in complete mdependence 
of one another, but that there is some sort of connection between 
them, or rather, between their physiolc^cal substrates. These bets, 
however, nghtly belong in the second mam chapter of psychd- 
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ogy, vhidi deals with the connections of the conscious elements 

5. The parts of the buccal cavity sensitive to taste are the tongue, 
the hard and soft palate, the uvula, and the palatal arches. Not all 
of these are sensitive in all cases, and not all that are sensitive in 
an individual case are equally so. On the whole, the most sensitive 
part seems to be the root of the tongue. It is an every day experience 
that if we wish to bring out the full taste of a substance, we take 
it back to the root of the tongue, and execute certain movements which 
place it in contact with the greatest possible number of the nerve 
endings there situated. The tip of the tongue is for many persons 
almost exclusively excitable by sweet, and altogether msensitive to 
bitter The middle of the tongue is wholly irresponsive to gustatory 
BtimulL The e(^;es are sensitive only in certain cases The state- 
ments made in the literature as to the sensitivity of median surface 
and edge are extremely conflicting. 

It seems that certain substances can destroy our sensitivity for 
particular exatations of taste. Thus a solution of cocaine hydrochlo- 
rate inhibits the sensation of bitter, while leavmg sweet and salt 
intact; and gymiunta ttlvtsirt inhibits sweet m the same way 

Nausea, which was fonnerly looked upon as a gustatory sensation, 
is probably an unpleasantness arising in connection with muscular 
sensations, which precedes vomiting and is especially noticeable when 
there is a tendency to the vonuting movements. It has been found 
that an antiperistaltic reflex movement is necessary for the appearance 
of nausea, so that it can be caused only by stimuli which excite 
that reflex. Such would be the mere idea of unpalatable food, an 
unpleasant taste, or a simple mechanical pressure upon the root of 
the tongue Any one of these can arouse the sensation of nausea 
If, however, the unpleasant stimulus is removed by swallowing, there 
IS no nausea. It cannot, therefore, be a quality of taste 

6, A theory of the qualities distinguishable within the sense of 
taste must in its turn begin with the consideration of anatomical and 
physiological facts. The terminal organs of the nerve of taste (the 
glossopharyngeal and the chorda tympani of the &cial) are the taste 
buds or taste beakers, structures consisting of cover cells and taste 
cells proper. These organs he in peculiar folds of the mucous mem- 
brane, the circumvallate, fungiform, and foliate papilhe The former 
are confined to the posterior portion of the surface of the tongue, 
the other two occur both at the tip and on the edges. Taste beakers 
have also been found in the soft palate, the larynx, and the vocal 
chords Their distribution accords tolerably well, therefore, with the 
results of experimental determination of the sensitive parts of the bnccal 
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cavity. It is doubtful whether the taste cells possess a q>ecific 
sensitivity to particular qualities; dieir small size and close packing 
render experimentation exceedingly difficult Oehrwall stimulated his 
own fungiform papillse separately, by the aid of dehcate pencils, and 
states that all proved to be sensitive to pressure, heat, and cx^ but 
that some showed a taste reaction only to certain stimuU. 

We cannot deade at present for or against the hypothesis of 
special terminal apparatus for sweet, bitter, add, and salt The 
contrast phenomena mentioned above do not &vour it In any 
event, we must assume that the exdtations underlying these qualities 
have physiological difierences,— although we arc unable, as things 
are, to say wherein these differences consist or what is the actual 
course of the process of stimulation. 

The central organ for ezcitabons of taste was formerly placed in 
the gyms hippocampi and the gyrus undnatus. Recently it has been 
transferred to the neighbourhood of the coronal suture, on the convex 
surface of the longitudinal fissure. 

H von Vintschgau, Pt^nohgu du Gttckmackstitmet Hermann’s H<mdb. d. 
PIgfstelagie, III , Aitk. 2, pp. 14$ ff 

H. Oehrwall, Unitrttuktmgtn «i€r dm Gtschmatkttttm. Sttmdmm Arek /. 
Pkytul , II , pp Iff 

W. Nagel, in Handbutk d Pkysud , III , 190$. 621 ff 

I X8- The Qualities of SmelL 

I. The organ of smell is situated in the upper portion of the 
nasal cavity Important as the sense is— it has been termed the 
guardian of respiration, and it certainly shares with the sense of taste 
the wardship of digestion— we have but httle positive knowledge of 
its functions Gustatory quahties are so few that they can be deter- 
mmed even without the aid of a scale of adequate stimuli* but the 
quahUes of smell are so numerous that a similar lack of gmdance 
has hitherto prevented us firom ascertaining their number and inter- 
connection. Psychology can hardly go beyond the experience of 
every day life, which gives to the qualities of smell the names of the 
substances that occasion them It is significant that language, which 
distinguishes sweet and add, hot and cold, heavy and light, white 
and red, has no special names for odouis, but uses descnpbve terms,— 
the fiagrance of the rose, the scent of the violet, the perfume of 
the carnation, etc. Smell is, in this respect, analogous to hearing, 
and Jean Paul has somewhere spoken of a ‘harpsichord of scents’. It 
seems that the particular quahties of olfactory sensation are not correlated 
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with groups of different substances or bodies, bnt stand in a specific 
relation to their sources; so that the fiagrance of the rose, can 
be obtained only frcun the rose, and not from anything else. Here 
again, we have an analogy with auditory sensation, and the peculiar 
relation existing between clang colour and the particular source of 
sound. In the case of smell we have no explanation of the phenomenon 
to offer. The division of olfactory quahties into agreeable and disa- 
greeable smells merely mdicates then close coimection with the feehngs 
of pleasantness and unpleasantness. 

2. It was thought until recently that only gaseous substances could 
serve as stimuh to the sense of smell This opinion was based upon 
a ungle experiment, onginally made by £. H. Weber and but a few times 
repeated Weber poured mto his nose a mixture of water and eau- 
de-cologne (m the proportion of ii ’ i), and found that a sensation of 
smeO occurred only in the first moment, before the hquid had reached 
the tdfactory membrane. Aronsohn, some forty years later, discovered 
that the whole experience was so unpleasant, and the blunting of the 
sense of smell so lasting, that it was impossible to say whether the 
hquid after contact was smelled or not But by considerably reduc- 
ing the concentration of the mixture, and usmg an mdifferent salt 
solubon of 073 p.c. to dilute the ol&ctory substances, Aronsohn 
obtamed, at a temperature of 40* C., distinct sensations of smell 
in himself and others during the contact of the liquid with ffie sen- 
sitive sur&ce. However, results arrived at in this unusual and uncom- 
fortable way are less reliable ^ the author’s observation) than those 
gained in the ordinary manner by inspuataon, while they also indicate 
a decreased sensitivity of the organ. We are, therefore, no better off 
than before as regards the nature of the olfactory process. Aronsohn 
further attempted to classify smells by the aid of a special form of 
the physiological method. He found that our sensitivity to certain 
substances can be blunted, whOe others are still able to excite sensa- 
tion. But the lack of objective gmdance natur<illy prevented him from 
turning this interesting phenomenon to its full account 

3. We can at present then, say nothing definite of the number 
and order of the olfactory quahties It is probable from certain ob- 
servations that continuous transitions exist between them . at least, 
the ethereal oils have been arranged in series the terms of which are 
very similar. It seems, too, that no chemical element can ezate 
smelL Electrical stimulation of the sense-organ has lately been found 
effective; whether mechanical stimuli can excite an olfactory sensatum 
is doubtful. 

The theory of diactoty qualities is conespondmgly incomplete. The 
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upper portion of the nasal cavity is lined by the olbctory mucous 
membrane, characterised by a special thickness and a brownish 
colour. In it are distributed the termmations of the olfactory nerve, 
the tirst cerebral nerve. Physiologists distinguish between st^ipoiting 
cells and smell cells proper, and conjecture that both forms are con- 
nected with the terminal fibrils ot the nerve Nothing is known of 
the character of the excitation or of a specific reaction of particular 
cells to particular quahties. The coitic^ centre is placed in the 
gyrus hippocampi 

M. voe Vintschgan, Pkysulogu da Ganeisttntus Hermann’s BanUmtk dtr 
Pkysulegtt, III , Abtk 3 , pp 335 ff 

E. Aronsohn, EaptnnumUlle Umttrsuckwtgen atr Pkysulepe da Gtruckt 
Db Bou-Reymond’s Artk. f- Pkynel^a, t886, pp 321 ff 

W. Nagel in Handbuck d. PkyaO., HI , 1905, 5*9 ff 

(3) The Quality of Auditory Sensations, 
f 14. Auditory Stimulus and Auditory Quality. 

1. Hearing is, after vision, the richest and most unpoitant of all 
the sensea It plays the largest part m our daily intercourse with one 
another, and forms the almost exclusive condition of one great depart- 
ment of artistic activity, — music But the sounds employed by speech 
and music are of a complex kind; and we must, as psychologists, 
seek to determme the elementary qualities, thus variously combmed 
to satisfy some of the supreme mterests and necessities of our lives. 
We are assisted in this endeavour by the customary and popular 
classification of auditory impressions into musual chords and noua, 
which at once suggests the existence of two corresponding classes of 
simple qualities. The suggestion is borne out by the facts of physi- 
cal acoustics They show that sound, the objective cause of auditory 
sensation, may appear m the form of a periodic or an apenodu con- 
cussion of the air; and that a compound periodic concussion, — the 
peculiar cause of a musical chord or clang,— can always be analysed 
into a number of simple periodic movements, beating a definite 
numerical relation to one another. The stimulus of the sensiUion 
complex given in a noise is an apenodic concussion of the air, analys- 
able either as a highly complicated combination, or as an insular 
alternation of simple movements. It does not follow firom this, of 
couise, that the elementary qualities must be different in the two 
cases, and, as a matter of farx, it has been maintained that every 
noise, like every cling, k capable of resolution mto tones. But a 
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tone invariably passes into a noise, if the duration of the stimulus 
which occasions it is reduced to a certain minimnin. We may 
accordingly divide the elementary quahties of audition mto two groups, 
the first of which embraces torus, and the second simplt noists. 

2. The concussions of the air set up by the movement of a sounding 
body are called mbrahoru, if they present a steady alternation of con- 
densation and rarefaction, and penodu vibrahons, if each wave (movement 
to and fix), complete or double vibration) occupies the same penod of 
time. A periodic vibration is completely definable m terms of dura/ton, 
magrutuds, and form. The simplest form is that of a pendular vibration 
(curve of sines) m which the distance of the vibrating particle from 
the position of eqmlibnum is proportional to the sine of the time 
occupied by its movement. Every complex form of penodic vibration 
can be analysed, as stated above, mto a number of simple vibrations, 
whose periods are a half, a third, a quarter, etc., of tlie duration of 
the total vibration The mathematical discovery of these relations 
dates back to 1822, but the knowledge that the analysis of clangs 
performed by the ear accords with their tlieorehcal reduction did not 
come till much later Simple vibrations differ in durahon and magnitude, 
but not m form The duration of their penod (wave length) deter- 
mmes the quality or pitch of tiie tone heard, its magmtude or amplitude 
the intensity of the tone We do not speak, however, of the duration 
of a vibration, but use the inverse value of the number of vibraliuiis m 
the I sec. The greater the number of vibrations m the i sec or the 
shorter the wave length, the higher is the pitch 

3. We cannot give equally positive defimbons of the physical 
equivalents of the sensation of noise An apenodic vibration of the 
air may be compounded of shocks of the most different kmds, and 
m the case of a quick, single concussion or non-penodic shock no- 
thing can be said of the form of the wave, altliough we may know 
something of its ampUtude and duration In the case of complex 
noises, however, we have the physical possibility of a certam combi- 
nation of pendular vibrations as well as that of non-penodic con- 
cussions The whislUiig of the wind, or the musical imitation of 
flowing water, is referable to the former cause, the crack of a nfle to 
the latter The elementary qualities mvolvcd are respectively tones, 
fdus the beats produced by their mterference, and simple noises The 
physical basis of the simple noise will accordingly be a non-penodic 
atmospheric concussion of a certam veloaty. Whether its form shows 
any characteristic differences we cannot tell its quahty and intensity, 
like those of the tone, are dependent upon the duration and amphtude 
of movement The sunple noise undoubtedly has quahty, height 01 
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depth, besides intensity: we will call it noue pitch Periodic concus- 
sions of the air which are not vibrations exate a series of discontinuous 
noises; if they pass into vibrations, and attain a certain rapidity of 
succession, we have clangis or tones. No strict distinction can be 
made in physics, therefore, between what we call noise and what we 
caS clang or tone 

4. The fact that the air vibrations are longitudinal, while those of 
the sound producing body are transverse, is not of impiortance in the 
present connection It is, however, worthy of remarh that these 
transverse vibrations may take on veiy different forms. The clangs 
of a violin differ essentially from those of a flute and an organ, even 
when their pitch is apparently the same The difference is expressed 
m the term clang colour Every musical instrument has its own clang 
colour. The explanation of this fact is due to Helmholtz, who found 
that a special character is given to the fundamental in each case by 
the difierent number and intensity of its overtones. It is, therefore, 
necessary, m investigating the elementary qualities of dangs, to employ 
instruments which are as far as possible free of overtones The best 
instruments of the kind are tuning forks* when placed upon a resonance 
box, or exciting the ear through a resonator, they give a pure, clear 
tone, and their vibration rate can be minimally changed by a simple 
movement of runiung weights along their prongs The experiments 
quoted in what follows were almost exclusively made with tuning forks. 
And m all of them the compared tones were given to the observer 
successively This has two reasons (1) the sensible discrimination of 
simultaneous tones is considerably less than that of successive, and (2) 
vibration rates which differ but a httle from each other are liable to 
fluctuations m intensity (owing to the interference of the sound waves), 
which render appreciation and judgment of the unpressions exceedingly 
difficult, and at the same time fiimisb an indirect cnterion of theu 
difference. 


I i5. The Pitch of Tone and Noise. 

I. Qualitatively regarded, tones constitute a one-dimensional manifold. 
The position of a given tone withm the senes is ordmanly indicated 
by the words ‘high’ and ‘low’. This determination, however, is not 
absolute, and cannot be made so. For we have no names for the 
individual qualities; even those used in music are not the hard and 
fast equivalents of definite vibration rates, but relative terms, enablmg 
us conveniently to establish or indicate some particular interrelation 
of tones. For the composei it is, withm fauty wide limits, a 
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matter of indifference with what vibration rates the notes upon his score 
are imparted to the ear, provided only that their relations, t.t , the 
mtervals are nghtly rendered. Whether an instrument is tuned to an 
a = 435 or an a = 440 is irrelevant for musical rendition m general, 
although it means very considerable absolute differences of pitch m 
the higher parts of the scale There are two chief reasons for uni- 
formity (I) the limited range of certain mstruments, and m particular 
the human voice, makes it desnable that the physical mterpretation 
of musical symbols should not be too variable, while (2) the orchestral 
combination of a number of instruments naturally demands that their 
differences of attunement are not so laige as to be noticeable. Nor 
IS there anything in the whole construction of the musical scale to call 
attention to the absolute significance of the separate qualities. This 
connects with the fact that very few persons possess the power to 
recall accurately a tone of definite pitch The practically umveisal 
lack of ‘absolute tone memory’ compels music to give up any pre- 
sumption of a knowledge of the absolute qualities which she employs, 
if her mfluence is to be at all extensive For the comparatively few 
musical intervals, on the other hand, most of us possess a memory 
which 18 adequate to their sensible tecr^mbon, if it does not always 
extend to names. 

2. In the absence of names, recourse might be had to the various 
charactensbcs of tone pitch,— the harshness and fullness of the bass, and 
the shrillness of the treble Bat as these, too, are insufficient aids to 
scientific inqmry, experimental psychology must seek help from special 
instruments As regards modal sensitivi^, we have to ask first of all 
whether the air vibrations on either side of the range of tones employed 
m music (about 40 to 4,000 vibrations) are capable of exating sen- 
sation. A careful examination by means of tuning forks, vibrating 
rods, etc., has shown that the lower limit of tone perception lies at 
about 16, the upper at about 50,000 vibrations m the i sec., but that 
individual differences may largely alter these values,— especially the 
latter. Sensible discrimination, also, decreases considerably towards 
the upper limit of the scale. The number of tones audible withm 
these limits has been deteimmed by a systematic test of sensible 
discnmination by the method of minimal changes as apphed to differ- 
ence determination, and that of right and wrong cases as applied to 
difference comparison (cf. § 7. 6 and § 8. 3, 8). As the two modes 
of determination have given practically the same result, we may look 
upon this as fairly certain For the r^on 64 to 1024 vibrations 
(C to r* in musical teiminology), the just noticeable difference (S) 
remams approximately = 0'2 vibration. The absolute sensible discnm- 
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ination is, therefore, constant over this part of the scale. At 32 
and 2048 vibrations, S was found to be = 0-4. Above and below 
these pitches the absolute sensible discrimination appears rapidly to 
decrease. Practice has a madred influence upon the cognisabihty of 
differences. The absolute delicacy of sensible discrimination is also 
constant for the region 64 to 512 vibrations, and decreases on either 
side of it 

3. We thus have data for a rough calculation of the number of 
distinguishable tones It is only a matter of the summation of an 
ordinary arithmetical senes. If we call the first term a, the final term 
/, and the difference between successive terms d, the number of terms 

n * ^ + 1. We will put the average difference lunen for the 

region 16 to 64 vibrations at 0*5, for the quahties fiom 65 to 1024 
at 0*2, and for those between 1025 and 4096 at 05 For the tones 
beyond this latter limit, we have only a few occasional observations. 
Thus it has been found that the most practised subjects are unable 
to cognise the objectively large difference between 12,288 and 16,384 
vibrations. We will, therefore, assume no more than 23 distinguish - 
able tones on the far side of 4096. The number of terms m the first 
part of the scale is 97, m the second 4800, in the third 6144; t.$ , 
11,064 ^ accordingly, say that a practised ear can dis- 

tinguish some 11,000 elementary qualities of tone. The number of 
notes employed m music is curiously small in comparison Similar 
attunement presupposed, all the requirements of melody and harmony 
are satisfied by the scanty total of 85 (more or less) tones or 
dangs. It is evident that sensible discrimination did not fiimish 
the principle upon which they were chosen In askmg what that 
prmaple was, we must be careful to keep two things apart, the 
arrangement of the notes, and the distance between them, (i) The 
arrangement is by intervals, which stand in definite relations to one 
another. The scaffbldmg consists of a division mto octaves, within 
each of which is found a recurrence of precisely the same har- 
momc connections. This arrangement is altogether independent 
of sensible discnnunabon: it is based upon facts of tonal con- 
nection, which we shall discuss m Ft. II , and is most mb- 
mately connected historically with the development of polyphonic 
music. (2) But the distance of note from note might have been any- 
thing, whatever the prinaple of arrangement. That the smallest differ- 
ence is as much as a semitone must have its special reasons. The 
first that suggests itself is the fact, that differences even of a quarter 
tone in die lower portions of the scale would mean very small differ- 
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ences of vibration rate. More important, perhaps, is the congelation 
that the most original and one of the most valuable of musical 
instruments, the human voice, is nnable to render with any degree of 
certam^ differences smaller than those which music emplojns, — a fact 
authenticated both by observation and experiment Unfortunately, we 
are Ignorant of the law which governs the voluntary adjustment of the 
larynx to increasmg height of pitch. The conjecture that apparently 
equal difierences of adjustment correspond to equal relative increments 
of the vibration rates of the tones produced, deserves investigation If 
it accords with the facts, the equality of the same intervals in different 
octaves, which appears self-evident to many musical persons, could be 
refened to the sensible discrimination of the singu^ organ. And we 
should have a very simple explanation of a seeming paradox, — that 
umnusical persons often possess a very accurate sensible discrimination 
for the tones which they bear: 

4. We have no direct means of determining the number of quali- 
ties of noise. The most obvious mode of procedure is to diminish 
the duration of an air vibration to the minimnin at which tone ceases, 
and only a noise, a dull or sharp shock or stroke, is heard Investi- 
gations of this kind, to discover the quahtabve limen of tonal sensitivity, 
have often been earned out It has been found that on the average 
sixteen vibrations are necessary for the hearing of a quahty in its fully 
deternunate tonal character, — that this number marks the near limit 
of best possible discnminabih^; and that below this limit the distmct- 
ness of pitch deaeases for all vibration rates, until at about two 
vibrations the tone passes over into noise. These two vibrations do 
no4 however, constitute a sharp line of division; they are subject to 
increase, and also to decrease, with different mdividuals and with tiie 
same individual at different tunes. Now at the dividing line, two 
qualities have been found to be distinguishable, whose vibration rates 
were in tiie proportion 48 : 49. This would give an average difference 
hmen of some 4 vibrations for the region investigated (80 to 250 
vibrations). Sensible discrimination for simple noises would conse- 
quently be twenty times less than that for tones; and we should have— 
presuppomng the same range of sensitivity — only about 553 discnm- 
inable qualities of noise The total number of auditory quahties dis- 
criminable under the most hivourable conditions (of mdividual endow- 
ment, of attention, and of external experimental conditions) would then 
amount in round numbers to 11,600. 

5. It has been suggested that the sensation of silence is a special 
auditory quality, — the sensation normally mediated by the ear m the 
absence of external stimulation, and analogous to the mtnnsic retinal 
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lif;ht familiar to those possessed of normal vision. The sensatioD ia 
said to occur ‘ in the African desert, on the Alpine glacier, on Icelandic 
fields of desolate lava, on the unmoved ocean The difficulty realising 
these conditions prevents the experimental examination of the pheno- 
menon , but we are probably justified in supposing that the sensations 
intended are those excited by mtemai auncular stimulation. Closure 
of the external auditory meatus often produces a high tone, and regularly 
occasions a kind ot humming or buzzing, which becomes disagreeably 
insistent m certain pathological cases even when the meatus is left 
open. The same high tone appears m what is called ‘singing in the 
ear’. It has been carefully investigated, and appears to be the 
resonance tone of the middle ear, the cavity of which would mmt 
a sound in response to vibrations of this particular pitch * 

Inadequate stimulation of the acoustic nerve by the galvanic current 
gives the sensation of the same high tone It is probably always 
present, therefore, but perceived only under espeaally favootable 
conditions. The humming or buzzmg proves to be dependent upon 
respiration, and vanes m mtensi^ synchronically with the heart beat 
It seems to be doe to the inrush of blood, which, also, becomes 
audible only m favourable circumstances. 

S i6. Theory of the Qualities of Audition. 

1. The nerve of heanng, the eighth cerebral nerve, divides into 
two branches, the cochlear and the vestibular Only the one of these, 
the cochlear, apjiears to subserve the functions of audition; the 
vestibular » connected with an organ for the preservation of the equi- 
librium of head and body (§ 23. 5). The penpheral auditory apparatus 
IS extremely compheated It has three pnncipal parts, known as the 
external, middle and internal ear (i) The txlemal tar consists of a 
slightly bent tube, the external auditory meatus, of the pinna, and of 
the tjrmpamc membrane, which forms the boundary hne between it 
and the middle ear. The sound waves set up in the au traverse the 
meatus, and set the tympanic membrane in transverse vibration. The 
membrane is furmel-shaped, and pomted inwards, when relaxed, its 
peculiar tone is one of some 700 vibrations in the i sec.; with tension, 
this tone becomes h^her Hence deep tones are as a rule heard 
under less favourable conditions of disenminatioa than high tones. 
(2) The middle tar consists of the Qrmpamc cavity, the auditory ossicles, 
and the internal auditory meatus. By the latter, the Eustachian tube, 

* lo mj trm caie tiM tone ii genetall; though 1 have lometimei found it to 
be H c* ot j( g*. 
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the cavity of the middle ear is placed in commumcation with the 
pharynx and the atmospheric air. The tension of the air within it can 
thus be kept approximately constant, and any interference with the 
fonction of the tympanic membrane avoided. The ossicles conduct 
the vibrations of the membrane onwards to the internal ear. In then- 
passage across the tympanic cavity, the sound waves, which possess at 
the outset a relatively great amplitude and a relatively small force, are 
transformed mto excursions of relatively small magnitude and relatively 
large force. This is plainly of advantage for the stimulation of the 
mtemal ear and the dehcate nerve endings which it contains All 
three auditory ossicles — malleus, incus, and stape.s— stand m close 
articular cormechon. The handle of the malleus is affixed to the 
tympanic membrane, the plate of the stapes to the membrane of the 
oval window of the labyrmth, a membrane which divides the imddle 
from the internal ear The pull exerted on the tympamc membrane 
by the malleus faohtates its adaptation to waves of different form and 
duration, and accelerates the damping of its vibrations. Two muscles 
of the middle ear deserve mention, the tensor tympani and the stapedius 
Contraction of the former draws the tympamc membrane inwards, that 
of the latter probably lessens the pressure of the stapes upon the oval 
wmdow. The mam function of both seems to be the protection of 
the organ against too violent concussions of the air. 

2 (3) The tntemal ear or labynnth consists of the vestibule, the 

semi-arcular canals, and the cochlea Nervous terminations are found 
m all three divisions ; but it is probable, as mentioned above, that only 
those of the cochlear nerve in the cochlea are connected with hearing 
The cochlea is a hollow tube of two and a half turns, divided along 
its length by a bony shelf (lamina spiralis) upon which rests a mem- 
brane, the basilar membrane The two sections of the cochlea are 
called the scala vesUbuli and the scala tymparu. The former is again 
subdivided by a cuticular wall, which forms an acute angle with the 
basilar membrane, and is known as Reissner’s membrane This trian- 
gular portion of the scala vestibuli, called the cochlear canal, contains 
the essential parts of the whole structure, — the arches of Corti, arranged 
along the basilar membrane, and the reticulated membrane supported 
by them, through which the bnstle-like continuations of the cells of 
Cord project According to the results of the most recent mvesbga- 
tions, the terminal fibnls of the cochlear nerve lie around and between 
these cells, but do not enter them The scala vestibuli starts from 
the oval window already mentioned, the scala tympani from a round 
window, similarly closed by a membrane, on the other side of the 
labyrinth. The labyrinth is filled with a liquid, the endolymph or 
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water of the labyrinth, which transmits to the nerve endings the 
vibrations carried along the chain of ossicles to the oval window. 

3. The mechanical caose of the ezatation of the auditory nerve 
is, undoubtedly, the impact of die total mass of endolymph upon the 
membrane of the round window, which follows from a push of the 
stapes against the oval window To explain the obvious dependency 
of tone sensations upon the properties of the external stunulus we must 
suppose further, that the differences m the form, duration and intensity 
of the movements of the endolymph, corresponding to similar differ- 
ences in the atmospheric sound waves, give a special character to the 
final nervous reaction And lastly, the fact that we can analyse 
compound periodic vibrations into their simplest components, i.t., that 
we can bear out, from a clang or compound clang, the tones which 
correspond to the simple vibrations discoverable by mathematical 
physics in the complex movement, requires us to assume the existence 
of a peculiar nervous apparatus, adapted to the purposes of acoustical 
analysis. Now all that we know of acoustics in other connections 
leads us to believe that this analysis can be periormed only by a set 
of instruments, adjusted within certain limits for sympathetic vibration 
to definite wave lengths. We must, therefore, imagme that the cochlea 
contains instruments of the kind, whether it be that there are special 
structures for the transmission of special stimuli, or that the fibres of 
the auditory nerve themselves possess a selective excitability. We may 
put the alternatives somewhat more concretely. In the former case, the 
nerve would have its excitation simplified by the interposition of a 
graduated system of vibraUle masses, each of which would be set in 
motion purely mechanically by the wave length to which it was 
attuned,— just as a compound wave might be analysed into its com- 
ponents for our ear by the help of a number of appropriately adjusted 
tuning-forks. In the latter, the separate fibrils, the separate nervous 
conduction paths, would have the property of being exatable only by 
vibrations of a certain wave length. 

4. The only psychophysical theory of audition elaborated up to 
the present time has chosen the first of these alternatives Helmholtz 
originally supposed that the analysers required were to be looked for 
in the ardies of Corti. The hypothesis proved inadequate, however, 
smee (r) these structures do not differ sufficiently in size, (2) there 
are too few of them (about 4000), and (3) they are absent in the ears 
of birds, whose heanng of tones and words cannot be doubted 
Hensen accordingly suggested that the basilar membrane is the important 
structure in auditory sensation. He regards it as a graduated system 
of vibratile fibres. There are two reasons which support his view : 
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(i) the membrane is tightly stretched radially, while the longitudinal 
connection of its fibres is not at all close; and (2) it increases m 
breadth, from base to tip of the cochlear canal, in the proportion of 
I ; 12 (0041 to 0-495 mm.). It may, therefore, be regarded as a 
stringed instrument, the separate strings cX. which vibrate only to certam 
wave lengths The exatation of the fibres is, perhaps, mediated by 
the bristles of the cells of Corti, which must be particularly responsive 
to the impact of the endolymph The number of cells is said to be 
between 16,000 and 20,000 ■ and we saw that there were some 11,000 
distinguishable tones The differentiation of the nervous apparatus is, 
therefore, amply adequate to sensation. 

At the same time, it is not difficult to see that the theory fails to 
answer certam questions, and leaves room for doubt at certain points 
It has been recently found that the auditory nerve itselfis excitable by 
sound (cf § g. 6) This would scan to mdicate that the mediation of 
the cells of Cord is not necessary for audidon, and that vibratility or 
selective excitability may be ascnbed directiy to Oie nerve fibres 

5 It follows from our discussion of tiie simple noise above (§ 14. 3, 
§ 15. 4) that its theory will not constram us to posit an especial 
anatomical and physiological substrate, over and above the cell of 
Corti The non-penodic air concussions forming its physical basis 
must exdte a large number of fibres, and consequently blur the 
perception of pitch. Indeed, we have a continuous transition from 
tones of perfectly definite quali^ to noises of practically mdefinable 
pitch In speaking of the quah^ of a noise, we shall, as a rule, take 
account of the relatively strongest exatation The duration of a non- 
periodic air-concussion will, consequently, not always be proportional 
to its perceived pitch. Thus the quali^ which we ascribe to the snap 
of the electric sparic does not appear to approach at all nearly to the 
upper limit of tone perception, although its duration has been calculated 
to be only o’ooooi sec. 

The Hebnholtz-Hensen theory of auditory qualities has received 
confirmation from pathological cases of the abrogation of hearing over 
a certain part of the scale There are persons who are insensitive for 
particular tones The easiest explanation of this phenomenon can be 
given in terms of -pedfic termmal apparatus or of a selective exata- 
bihty of the separate nerve fibres 

The cortical centre for the impressions of each ear is situated in the 
temporal lobe of the opposite aide 

H von Helmholtz, Ou Lthr$ vfn dtn Tantmfifmditngin. Fifth ed., 1896. 
Engl tisns , third ed , 1895, 
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V. H«n*eii, Pfytialogit du (Min. Heimann’t SoMtUmch dMt PkysUU, IIL, 
Abtk. 2, pp. 3 ff. 

C. Stompf, TcHpsytholBgu, Vol. I., 1883. 

K. L Schafer, in Nagel’s HcmMmck d. Pkystol , III , 1905, 476 ff. 

(4) The Quality of Visual Sensations. 

S 17. Light and the Visual Qualities. 

I. So far, whenever we have been able to compare the adequate 
stimulus with the sensations occasioned by it, we have found a certam 
parallelism between the two : the simple in stimulus has corresponded 
to the simple m sensation, and the objectively compound to the 
compound in experience. Intensive graduation of qualitatively similar 
pressure stimuli, and of temperature stimuh above or below the pomt 
of indifference, gave a parallel alteration of intensity in cutaneous 
sensation, without change of conscious quahty; and complex sound 
waves were correlated with a complex m audition, simple periodic or 
non-periodic air-concussions with a simple tone or a simple noise. 
There is no such correspondence between light and vision Our 
examination of visual qualities must, therefore, be prefaced— all the 
more necessarily, as the pomt is neglected m many psychological 
treatises— by an inquiry into the actual relations existing between sen- 
sation and the various forms of %ht stimulation. 

It is mdiffeient for the present purpose whether we adopt the 
elastiaty theory of light, or the more recent electromagnetic hj^thesis 
For convenience’ sake we will employ the usual termmology, and 
refer the physical process of visual stimulation to transverse vibrahons 
of the ether particles. On this view, the velocity of the individual 
wave is very great, and (as with tlie sound wave) very different m different 
cases The difference is expressed either in wave lengths or m the 
number of vibrations in the i sec Thus, a light wave of o 000589 mm 
length vibrates in the customary medium, atmosphenc air, 509 bilhon 
times in the i sec- Simple nndulatory movements of this kmd can 
be obtamed, as a rule, only by the analysis of ordinary mixed light, 
which contains waves of the most vanous lengths It is usual, there- 
fore, to distinguish mixed light from homogeneous light, which consists 
of waves of approximately the same length and vibration rate. 

2 In determining the quahties of visual sensation, however, we 
have to consider not only the difference between homogeneous and 
mixed lights but the variations of both in intensity, duration, and 
extension, and the results ofthe combination ofhomogeneous with mixed 
light, and of particular homogeneous lights with one another. There 
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is a subjective effect corresponding to all these phases of the objec- 
tive process. But as duration and extension of stimulus, if they affect 
the quality of sensation at all, affect it in practically the same 
way as does stunulus intensity, we need not discuss the mfluence of 
all three factors in detail 

{a) Mixed light, in which no particular wave length has a noticeable 
predominance, excites the sensation of light or of brigitnest. Inten- 
sive graduation of white light gives rise to a senes of sensation quah- 
ties which constitutes a one-dimeniuonal manifold analogous to the 
tonal scale, and extends from the deepest black to the most brilliant 
white. There are two peculiarities m this correlation : (i) an intensive 
alteration of stunulus produces a quabtahve alteration of sensation, and 
(2) a highly complex physical process corresponds to an entirely simple 
psychological experience. Brightness sensations can be obtained in 
the greatest punty by the reflection of mixed light from a dead sur- 
face of the nght absorptive capacity White and black or gray 
papers are, therefore, generally used for experiments on brightness 
sensations The sources of mixed light have all some trace of colour, 
due to the relative preponderance of certam rays for sensatipn.— 
We reach two conclusions, then (i) tliat brightness quahties do not 
possess intensity as a separate, variable attnbute, and (2) that an 
analysis of the qualities contained in mixed light requires their spatial 
or temporal Lsolation. 

3. ( 6 ) homogeneous hght gives rise to colour sensations, the second 
senes of visual quahUes Alteiataon in wave length or vibration rate 
produces alteration m colour tone Homogeneous light, m the strict- 
est sense of the term, has never been seen, so that we cannot say 
how it would be sensed. Approximately homogeneous light can be 
artificially produced most convemently by the refraction of mixed 
light. Thus, a pencil of white %ht foiling upon a glass pnsm issues as 
a band of colours, in consequence of the different refrangibihty of 
rays of different wave length. The more mtensive the source of light 
from which this pencil proceeds, the more lummous are the colours. 
The pure colours of the solar spectrum are, consequently, the most 
beautiful that we know 

Here, the physically sunple appears to be correlated with the 
psychologically simple. But, whereas the vibration rates steadily m- 
crease from red to violet, beconung mvisible outside both these 
limits, the colour sensations begin by growing more and more unlike, 
and end with tones more nearly resembling the first of the senes. 
An analogy has often been drawn between the solar spectrum and 
the musical scale, m particular thp course of tone sensations withm 
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the octave* but it is incoirect. Moreover, we can produce colours 
intennediate between the visible qualities of the two ends of the spec- 
trum, which are not represented by simple physical undulations. So 
that here, too, there is no exact correspondence between stimulus and 
sensation. 

It must also be noticed that what we call colour tone or colour 
sensation is always a brightness sensation also. This fact is best 
demonstrated by a gradual alteration of the intensity of a homogene- 
ous light. We obtain a graduated series from black (or dark gray) to 
white, within which the colour sensations occur from their darkest to 
their lightest shade, with and without qualitative alteration. As the 
ends of the series are occupied by brightness sensations alone, we 
cannot doubt that these sensations are also present in the middle 
portion, where the colour is still visible We thus have the curious 
result that what we call a colour is really a connection of two 
simple quahties, colour tone and brightness. It is not infrequent to 
find the brightness of a colour referred to as its intensity But as 
it is simply a sensation, which, under appropriate conditions, can be 
perceived alone, without any intermixture of colour, this terminology 
leads to the paradoxical conclusion that brightness is a mere intensity, 
a non-qualitabve sensation It is one of Hering’s services to psy- 
chology to have restored the black-white senes to its rights as a 
quahtative system. Indeed, to speak of an intensity of sensation 
because the corre.sponding variable quality of stimulus is called in- 
tensity, involves a quite unjustifiable transference of terms from phy- 
sics to psychology. Our previous discussion of the attributes of sen- 
sation (§ 4) makes it indubitable that the brightness sensation, 
whether with or without colour, must be r^arded as a quality The 
connection of colour tone and br%htness is the most intimate con- 
nection of quahties that we know m hct, in one sense it is insepa- 
rable, since a colour sensation cannot occur without a brightness 
quality. We have, then, in visual sensation, a direct contradiction 
between the physical and the psychological: the physically simple 
(homogeneous light) corresponds to the psychologically compound 
(colour tone -|- brightness), and the phjrsically compound (mixed l%ht) 
to the psychologically simple (brightness). 

4. (r) A mtxturt of two mixed lights of different intensities, each 
of which would give rise to a simple sensation of brightness, produces 
on the physical side a mean intensity, and on the psychological a bright- 
ness sensation lying midway between the two primary sensations 
The physical mixture can be replaced for vision by a quick succession 
of the two brightnesses; eg, by the rapid rotation of a circular 
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disc composed of black and white sectors. The after-dniation of the 
visual excitation is so great that we obtain the same p^chological 
effect as if we bad brought about an objective (compensatory) 
mixture of the components. 

(<f) The psychological result of a mixture of homogeneous lights can 
be stated m three propositions: 

(i) A mixture of two homogeneous lights of very sinular wave 
length produces a colour sensation, which occupies an intermediate 
place in the series of spectral colours between the sensations of the 
two primary lights The nearer the homogeneous lights are to one 
another, the more vivid or more saturated is the intermediate colour ; 
and the more remote their vibration rates, the paler or thinner the 
colour. A mixture of red and yellow gives orange, of blue and 
green bluish green. 

(a) A rmxtuie of two homogeneous lights of a certain difference ot 
wave length (not the same for all observers or all colours) produces 
a sensation, not of colour at all, but of brightness These lights are 
termed complementary colours, and are psychologically characterised 
by the fact that their sensations present the greatest differences, te, 
form the greatest contrast to each other. Hence, the complementary 
colours are also termed contrast colours. Red and greenish blue, 
yellowish green and violet, orange and cyan blue are complementaries. 

If the difference of wave length is still further increased we again 
obtain a colour sensation of more or less saturation, belonging to the 
series of purples, which is not represented in the spectrum 

(3) A mixture of more than two homogeneous lights can always be 
reduced to a mixture of two, and so does not require any speaal 
discussion There are three homogeneous hghts — red, green, and 
violet— the mixture of which produces a sunple bnghtness sensation. This 
result becomes mtelligible, if we substitute yellowish green 1- greenish 
blue for green. We then have two pairs of complementaries. violet 
+ yellowish green, and red + greenish blue These will excite a colourless 
gray whether taken singly or together. It is plain that they are the 
only three homogeneous lights which can excite the sensation of 
brightness, ^ce no other three can be resolved into two complemen- 
taiy pairs. The peculiarity has gained for them the name of primary 
colours. 

5. These laws of mixture are vabd only on the assumption of a 
definite intensity of the homogeneous lights which are to be combined 
In the solar spectrum, the complementary colours possess a different 
luminosity,* but even apart firom that, &e amount of homogeneous 
light necessary to complete complementanness differs m different 
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cases. We say, therefore, that the various spectral colours have 
different colouring power Violet is strongest, yellow weakest; red 
and cyan blue have approximately the same power, approaching that 
of violet, orange and green are about equal and stand nearer to 
jrellow. The rules for the mixture of homogeneous lights can be put in 
the form of a geometrical figure,— most conveniently in that of a 
triangle The three angles are formed by the primary colours, and 
m the centre is a point, B, denotmg the sensation of brightness. 
There are two other properties of the primary colours which we 
may mention here (i) all the other colours can be obtained, at the 
relatively greatest degree of saturation, by their intermixture, and (li) 
no primary colour itself can be produced by the mixture of the other 
two. If we mark the angles of the triangle R (red), G (green), and 
V (violet), the side RG will contain orange, yellow, and yellowish 
green, the colours intermediate between red and green; and the side 
GV, the colours greenish blue, cyan blue, and mdigo blue, the 
colours intermediate between 
green and violet The base 
RV will contain the tones 
intermediate between red and 
violet, the purples, which 
are absent from the spectrum. 
The hues of connection be- 
tween angles and sides of the 
tnangle, which intersect at B, 
or at other pomts not specially 
marked in the Figure, indicate 
possible mixtures of remote 
terms of the colour series, 
and their length is proportional 
to the colouring power possessed by the various colours (Fig. 7). 

6. This figure, however, is not entirely satisfactory. It gives no 
indication ot the fact that comparatively few mixtures ot different 
wave lengths produce the sensation correlated with the mean wave 
length. Really, that is, the lines i?f 7 and fr Fought not to be straight, 
but somewhat curved. The point G, in particular, with the neigh- 
bounng qualities on the prismatic spectrum, should he lower, and the 
side GV follow a course similar to that marked in Fig. 7 by the 
dotted line. But apart from these defects, the schema gives an 
instructive and simple demonstration of the incongruity between the 
physical and psychological series One and the same sensation may 
be obtained by the most various combinations ot physical processes; 
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eveij point of the area enclosed by the three sides of the triangle 
has passing through it an infinite number of hnes of connection 
between pairs of homogeneous lights. In consciousness, there is no 
trace of this unlimited wealth of sensation components ; each separate 
degree of saturation which a colour presents is as much a simple 
quality as the colour sensation originated by a definite, homogeneous 
spectral light On the psychological side, the senes of possible 
variations is covered by the parallel processes adduced tmder (a) 
and (i). Under (a) we have a series of pure bnghtnesses, under (i) 
a connection of colour tone and brightness in all possible d^rees 
and proportions, with the smgle exception of a xero value of bright- 
ness. Hie mixture of mixed lights, and the mixture of homogeneous 
lights, (r) and (<i), give us no new sensation. Colour tone and 
brightness are, after as before, the sole kinds of simple visual quahties. 
But on the physical side, the list of possible variations is by no 
means concluded. 

7. («) The mixture of a homogeneous light with mixed light produces 

a senes of double sensations, rising from the most saturated colour 
tone to simple brightness, accordmg to the relative intensity of the 
components. Such a mixture gives us another physical means of 
varying the relation of colour tone and brightness withm the colour 
sensation. The mixture of two complementary colours, or the simple 
illumination or darkening of a homogeneous light, serves the same 
purpose. The customary definition of the degree of saturation of a 
colour by the amount of white light mixed with it is, therefore, psy- 
chologically incorrect: (i) because the alteration of depth or vividness 
of a colour tone may have very different physical causes, and (2) 
because the most saturated spectral colour contains much more than 
a irunimum of brightness, — the psychological equivalent of mixed light. 
We shall, accordingly, employ the term saturation to designate simply 
the degree of distinctn^ with which a colour can be perceived as a 
particular quality over and above its brightness. The greatest satura- 
tion is afforded by a certain homogeneous light of a moderate inten- 
sity ; and Its degree is dimmidied, not only by the addition of mixed 
light, but by an alteration of intensity, and (under certain circumstances) 
by the intermixture of other homogeneous lights. 

On the assumption that a colour tone suffers no quahtative change 
in Its different degrees of saturation, we might look upon these as 
constituting the real intensity scale of colour sensation. The same 
may be said of the saturation of br^htness sensations, except that it 
is obviously not to be r^^ded as a variable intensity. 

This concludes what we had to say of visual sensations, by way 
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of preface to their special investigatioii. Our result can be very simply 
formulated it is necessary to draw a sharp line of distinction between 
the physical and the psychological Physical optics has already banished 
the laws of sensation from the science of light, p^chology must now, 
in Its turn, declme to apply physical ideas in the analysis of its fricts 
and in its theory of visual quahties. Complementary colours, primary 
colours, mixture— these are all physical concepts, which bear a certain 
relation to the phenomena of sensation, but which must not be trans- 
ferred bodily into psychology. Sensations do not mix, and sensations 
are not complementaries. Whether these concepts have a ph3rsiologi- 
cal validity, whether, i.<, we can find m the nature of the optical 
nervous excitations an explanation of the lack of strict parallelism 
between stimulus and sensation, is another question. We shall seek 
to answer it later (§ 21), when we come to deal with the theory of 
visual qualities 


§ 18. The Sensation of Brightness. 

I The scale of colourless sensations is very difficult to obtam m 
absolute punty, owing to the influence of impressions in the physical 
environment, and to empmcal habits of judgment Our notion of 
‘ white’, m particular, is very fluctuating and uncertauu Brightness as 
such, *.g., a colourless sensation occupying the entire field of vision 
with complete uniformity, is given only under rare condibons. It 
may be realised by the deep black of a hghtless space, provided that 
no subj'ective quahties are present to mterfere with it As a general 
rule, the terms ‘black’, ‘white’, ‘gray’, which we usually employ to 
designate sensations of brightness, are altogether relative. Wntmg paper, 
newly frillen snow, linen fresh from the laundry, etc., appear white, 
although then objective brightnesses are extremely different and axe seen 
to be different as soon as directly compared. In their ordinary sur- 
roundings, the colour tone of these substances (otherwise distmctly per- 
ceptible) is forced so far mto the background, and their brightness 
so prominently brought out that for lack of any absolute standard of 
reference in sensation we place them all in the mdeterminate category 
of ‘whites’. Our memory for absolute light mtensities is very un- 
reliable, and Its development has been prevented by the constancy 
of the relative sensible discrimination, of which we shall speak 
presently (5 below). On the other hand, our memory for spatial 
form is exceedingly accurate. This explams how it is that we come 
to attnbute defimte apparent bn^tnesses to particular Directs as 
permanent predicates, which we ordinarily apply m speech, although. 
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as a matter of fact, they do not remain constant. The closeness of 
the association of a definite spatial image of an object with a judg> 
ment expressive of its brightness (under certain conditions, which are 
taken as normal) comes to be a convenient indirect criterion of the 
apphcability of the predicate. Under these circumstances, it is not 
strange that ‘brightness’ and ‘whiteness’ should not always mean the 
same thing in popular parlance. The term ‘white’ is used m the 
first instance to mdicate absence of colour, the lack of any self- 
insistence on the part of a colour tone, or of its recognition on our 
part, it is the analogous concept to what we have called ‘saturation’ 
m colour. It consequently denotes the degree of dinstmctness with 
which bnghtness as such is perceived, while it covers very diflerent 
degrees or gradations of bnghtness Thus the snow may be whitet 
than the gray sky, and yet darker That is, the snow is more 
colourless, and under the influence of its surroundings may even appear 
brighter, although a direct companson would prove that it is less bright 
2. As all this is equally true of ‘gray’ and ‘black’, it might be 
imagmed that the bnghtness sensation has two attributes attaching to 
It, besides its spatial and temporal characteristics, — quahty, expressed 
by the words ‘white’, ‘gray’, etc, and mtensity, expressed by ‘dark’, 
‘bnght’, and mtermediate names. But the two sets of terms are in 
reali^ very &r from being independent of one another The degrees 
of ‘black’ and ‘white’ are meant to express degrees of brightness, just 
as much as those of ‘dark’ and ‘light’. It is not as if one and the 
same black or gray or white could run through all degrees of bright- 
ness, and possess dififerent mtensihes at different times The two sets 
of judgments are passed upon the same material, the same sensations 
Their distmcbon depends not upon the existence of quah^ and inten- 
sity as variable attnbutes of brightness sensations, but upon the double 
relation in which every such sensation is naturally placed. A bnght- 
ness sensation is related on the one band to all the rest of the 
bnghtness sensations, on the other to colour tones (by way of its 
punty, the absence of any intermixture of colour). The terms 
‘white’, ‘gray’, and ‘black’, are prmcipally used m the latter connec- 
tion; ‘dark’ and ‘light’ m the former It is, therefore, qmte allowable 
to speak of a saturation of colourless sensations, on the analogy of 
colour saturation, if we mean by it the degree of their disUnctness. 
Only, the greatest saturation of a bnghtness quahty is given by the 
total absence of colour tone, and the minimum of saturation with the 
maximum of colour. It may be that the cormection between colour 
tone and brightness is so intimate, that it is as impossible for bnghtness 
to occur wiffiout colour, u for colour to appear without bnghtness 
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the maximal saturation of brightness would then be a limiting case, 
never actually realised. It is at least conceivable that what we call 
pure gray or pure white would appear different if we had an absolute 
standard of reference and more accurate means of comparison. But 
we should still be compelled to r^ard the black of a lightless space 
and similar depths of darkness as pure quahties of bnghtness sensation, 
sunply because in such cases there is no objective possibility of the 
origination of a colour tone. 

3. Our sensible discrimination of brightnesses is diminished (as will 
be shown later. § 49) by their connection with colour tones. It is, 
therefore, difficult to determine the number of distmguishable bright- 
ness qualities, as the analogy of previous Sections requires us now 
to do. Indeed, even the upper and lower limits of the scale can 
hardly be defined. Sunlight, the bnghtest light known to us, is dazzling 
and painful; but we caimot say whether the bnghtest artificial lights, 
at a correspondmg distance, would show a noticeable difference fi:om 
the brightness of the sun. Every day expenence seems to prove that 
our sensible discrimination of intensive brightnesses, absolutely measured, 
is exceedingly small; and that consequently, when once a certain de- 
gree has been reached, we shall not find many more distinguishable 
qualities. As to the lower himt of perceptible brightness we are in 
equal uncertamty The dark which we sense after a lengthened stay 
in a blackened chamber, fipom which every source of light has been 
cut off, is little different, if at all, from a less scientifically produced 
darkness, such as that of deep black velvet, upon which no duect 
hght of any considerable intensity is allowed to fell; although the 
objecbve brightness is very different in the two cases The reflected 
bnghtnesses which we ordinarily compare, vary between the limits of 
3700, that of brilliantly white paper, directly illummated by sunlight, 
and I, that of a dead black paper, seen in the twilight If the same 
two papers are uniformly illuminated by diffuse daylight, the ratio of 
dieir bnghtnesses is about 60 • i 

We cannot here discuss the various photometric methods. As those 
that are m use at present are still based upon the comparison of 
sensations, for which some employ the procedure of minimal changes 
and others that of average error (§§ 7, 8), their results are not alto- 
gether comparable. Besides which, the physical formulae on which 
these results are calculated (the few of decrease of light intensity with 
the square of the distance fixim the source of light, the laws of polarisation, 
the Talbot-PIateau few) are not by any means necessarily a true reflec- 
tion of relations which obtain in the sphere of sensation comparison. 

4. Whmi It is further considered, that the bnghtness stimuli employed 
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in die investigation of onr sensible discrimination for brightness have 
been possessed of difierent degrees of ‘colouriessness’, some observers 
having worked with varying intensities of artificial bght and others with 
daylight, some having chosen shadows as the obiects of comparison 
and others gray papers, etc., it wOl not be found surprising that the 
results are as divergent as they are Not only the magnitude of the 
difference limen, but the laws of the course of sensible discrimination 
m general, are differently given by different observers. A certain 
proportion of these differences is undoubtedly attnbutable to the 
influence of a number of variable sources of error, of more or less 
significance, which have not received their due (or even, an equal) 
measure of attention from eveiy experimenter. One of these would 
be the adaptation of the eye for bnghtness, the importance of which 
18 borne in upon us by the familiar experience of passage from the light 
mto a dark room. Until the eye has become adapted to the new 
environment, we cannot distinguish the separate objects about us; i , 
perceive the differences of bnghtness which they present to vision. 
Another is the accommodation of the eye for distance If the out- 
hnes of the objects to be compared are not sharply drawn, but appear 
vague and blurred, our abihty to remark then: bnghtness differences is 
considerably impaired. Yet others of these variable factors are the 
magmtude of the bright surfaces compared, their relative positions, the 
duration of stimulation (the influence of which vanes with variation 
in the intensity of the mixed light employed), the character of the 
surroundings, rest or movement of the eyes, monocular or binocular 
regard, etc., etc. Of the general conditions of sensible discrimination, 
dwcussed above (§ 5) fatigue plays a principal part in the present 
connection. 

It is no wonder, then, that some observers have found a constancy 
of the relative sensible discrimination, others a variation of it with variation 
m the absolute intensify of fight; and that where constancy of the 
relative difference limen is maintained, its magnitude is variously 
given as At the same time, there seems to be 

no doubt that, within certam limits, the constancy of the relative 
sensible discrimination is an established fecL The essential thing is, 
that the experiments be made wifli similar retinal adaptation Below 

and above these limits, — steadily increases. Difference comparison 
has also given a relative equality of apparently equal differences, for 
certain regions of difference. But m this case, the results are crossed 
by the effect of contrast, to an extent which we are at present 
unable to detemime with any accuracy Its increase is certamly 
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not directly proportional to increase of the stunulos differences. 

5. Where results are so extraordinarily diveigent, our ‘calculation’ 
of the number of distinguishable brightness quahties cannot be much 
more than a guess. We will assume that between the limits i and 
1000 (i being a black situated towards the lower end of the bright- 
ness s^e, but 1000 a white still comparatively fax removed from its 
upper boundaiy) the relative difference hmen is constant at 
That 18 a fair average value. The scale of discriminable degrees of 
brightness may then be regarded as a geometrical progression, whose 
first term a ek i, final term / s 1000, and exponent * = If n 


IS the number of terms, / = «•«*—»; m.. 



1, M approxi- 


mately 696. 

Adding to this total another 104, for the degrees of brightness 
on either side (but especially above) the limits chosen, we have 
the number of distinguishable quahties — 800. Not more than 
the half of these are at the disposal of the pamter or etcher, who 
seeks to reproduce the brightnesses presented m nature. The whole 
senes of brightnesses obtamable by brush or needle is included whbin 
the limits expressed by the ratio r . 60 (cf. 3, above). That both are 
able, nevertheless, to produce a successful imitation of the reahty they 
copy, IS plamly due to the constancy of the relative sensible discrim- 
mation, or, as it is called, to Weber’s law. This law (§ 26) says that 
differences are apprehended as equal, whether they hold between weak 
or strong stunuli, provided that their relation to one another remains 
the same. Thus a brightness difference of zoo between 1200 and 
1000 has the same effect upon us as one of 20 between 120 and 100, 
or one of 2 between 12 and 10. The painter must only avoid 
the attempt to reproduce brightness differences which lie very far 
mdeed outside the limits imposed by his art We, therefore, rarely 
find the midday sun, or any other extremely intensive source of hght 
introduced into a picture — We can understand, if Weber’s law is 
valid, how it is t^t shadows and contours on canvass or m the 
objects which form our daily environment do not vary with every 
alteration m the strength of illumination, but seem to remain practi- 
cally constant A memory for absolute brightnesses, analogous to the 
memory for absolute tone pitch, which we occasionally discover, or 
to that for spatial forms and colour tones, which we all possess in a 
greater or less degree, could not be devdrqied under the drcumstances. 

6 The foiegomg discussion of our sensible discrimination for 
brightnesses is based upon observations m ad e with direct vision, tA., 
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With the centre of the retina, or the ‘spot of dearest vision’. We 
are not accustomed to employ the lateral portions of the retina for 
the cogmtion of objects: if we wish to get an exact visual idea of 
an3dhing situated on the periphery of the field of vision, we bring 
eyes or head or the whole body into a position which renders a 
direct regard possible. Nevertheless, there are many ordinary ex- 
periences which should teach us that the lateral parts of the retina 
are by no means less sensitive to brightness than the central portion. 
A uniformly gray surface, such as a white-washed wall or a cloudy 
sky, does not appear to grow darker from the centre outwards, but 
makes the same qualitative impression over its whole visible extent 
Since, as a matter of fact, the light which ^lls upon the peripheral 
regions of the retina is weaker, other thmgs equal, than that which 
stunulates the centre, the truer condusion seems to be, that the 
bnghtness sensitivity of the former is greater than that of the fovea 
centralis. And there are many other mdicahons that this view is 
correct Stars of small intensity ran be more quickly and easily re- 
marked m indirect vision than m durect. It has been shown, by elabo- 
rate experiments, that the retinal senutivity for brightnesses increases from 
the centre outwards and mwards to about 25^ where it is some i'2 
tunes as great as in direct vision; and from the centre upwards and 
downwards to about 15*, where it is some 1 04 tunes as great as at the spot 
of clearest vision. Beyond these limits it appears to decrease agam. 
The teleological sigmficance of the arrangement is obvious, smce the 
movements of the eyes are reflexly r^;ulated by the strength of stimu- 
lation, and the limit of their excursion in different directions, while the 
body remains unmoved, is approxunately given by these angular values. 
Some bright object or sudden change of brightness in the lateral parts 
of the field of vision impresses us, and we are able at once to direct 
the eyes upon it and obtam an exact perception of its nature. No 
systematic investigation has been made of the magnitude of sensible 
discrimination in indirect vision 

7 We cannot speak of a stunulus lunen in the case of brightness, 
smce even when the eye is at complete rest there is present m con- 
saousness a colourless sensation, the subjective black or ‘intrinsic 
retinal light’. We can, however, detenmne the bnghtness which is 
just noticeably different from this black. It is given, by the weak 
shimmer of a platinum wire heated by the electric current, estimated 
xis of the intensity of the light of the full moon. Unfortunately, 
the mtenidty of moonlight was here considerably underestimated. 

There are still other sources of error involved in the examination 
of our sensitivity and sensible disaimination for bxfghtness, which call 
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for a passing mention. We have already remarked (§ 17. 2) that 
spatial and temporal variations of the mixed light employed modify 
sensations m the same way as vanations in the intensify of stimulus. 
It has been experimentally demonstrated that within certain, fairly 
narrow limits, an increase of stimulus duration or of the magnitude of 
its retinal image has the same subjective effect as the increase of its 
intensify. Both duration and magnitude must be conceived of as 
absolutely very small If the extension of the ol^ect of observation 
increases beyond a certain magnitude, differences of sensibility are involved 
(6 above), while the sense-organ may very well be unable to com- 
prehend the object in its entirefy. And when once a certain limit of 
duration has Ix^n exceeded, the qualitative change in sensation ceases, 
just as it did with tones in physiological language, the maximum of 
excitability has been reached The only result of persistent stimula- 
tion IS an apparent diminution of the stimulus brightness, due to fatigue, 
or the appearances of a phenomenon which we shall come to know 
later under the more general rubric of ‘fluctuation of the attention’ 
(§ 75 6) Lastly, eye movements serve to increase the sensihvify and 
sensible discnmmation for brightnesses. A small difference can be more 
quickly and certamly remarked, if the eyes are allowed to travel to 
and fro from the one brightness to the other. 

§ ig. The Sensation of Colour. 

I. If it was difficult to obtain a pure brightness, it is .still more 
difficult to obtain a pure colour. Indeed, as we have seen, no colour 
sensation is ever given except in connection with a certain degree 
of brightness, so that the preparation of colour tones cannot even be 
looked upon as the goal of scientific experiment, approachable by 
degrees, however incapable of actual attainment. The only course 
open to us is to investigate colour sensations by abstracting as far as 
possible from the brightness qualify fused with them. The abstraction 
can evidently be successful, if at all, only when the colour tones are 
relatively distinct, t.e , the colours very saturated, and when they allow 
of variation independently of the brightness attaching to them But 
as we do not know of any source of light, whose refracted rays are 
all of equal intensify, a simultaneous fulfilment of these two conditions 
IS impossible. In the solar spectrum, *.g., the green and j^ow light 
is considerably brighter than the red and blue, while the saturation 
of the two latter qualities is greater than that of the former. If we 
dumnish the intensify of the ydlow and green rays, we diminish their 
saturation at the same tune. In expenmenting upon the sensible 
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disoimination of colour tones, observers have, consequently, been 
content as a rule to eliminate one of the two mevitable sources of 
error in the particular case, the diminution of saturation, and have 
assumed that in httle different homogeneous lights the brightness dif- 
ferences are negligible as compared with the alteration m colour tone 
But no reliable information can be obtained m this way as to the 
number of discmmoable colour qualities, for the reason that there is 
absolutely no guarantee that the differences noticed are really differ- 
ences of colour tone, and not merely (or partly) differences of bright- 
ness. On the other hand, tf we se^ to eliminate the brightness error, 
by keeping all the colour tones invest^ated at the same brightness 
levd, there is tiie consideration that increase or decrease of the 
brightness of a colour tends to reduce it to a pure brightness sensa- 
tion, i forces the specific character of its tone into the background 
This method would, therefore, in all probability, give fewer distinguish- 
able colour tones than there really are The observations recorded 
in the hterature do not furnish sufficient material for an estimaUon of 
the relative effect of these two factors, colour pun^ and colour 
brightness, as they cross one another in the given case. 

2. A second difficult in the way of an investigation of colour qual- 
ities can be best put in the form of a question. May we suppose that 
we have obtamed the complete series, when we have worked through 
as pure a spectrum as we can produce, and determined all the dis- 
cmninable tones within it? It is quite possible that the vanous 
transition colours between rmnote qualities, such as can be got by the 
mixture of the appropriate rays, and the vanous degrees of saturation 
of the same colour, might give us new simple quahties, not represented 
in the spectrum. And the existence of the purples raises this possi- 
bihty into certainty. But, apart from purple, there do not seem to be 
any colour tones not in the solar spectrum All the other mtermediate 
or mixed colours prove to be familiar qualities, differing from the 
spectral only m theu degree of saturation. Brown, e,g , finds a place 
in the senes from red, orange, and yellow to a darkish grey; and some 
one of these three spectral quahties is cognisable m every vanety of 
H. Rose, again, is a purple of diminished saturation and increased 
brightness. There is nothing antagonistic to our view of colour sensation 
in the fact here brought out, that ffie saturation and brightness of a 
colour are neither identical nor directly proportional to one another. 
A high degree of purity and distmetness may be combined with a low 
degree of brightness, and a less degree of purity with a greater degree 
of brightness. There seems to be a most favourable brightness for every 
colour tone, tji., a particular brightness at which it is purest or most 
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saturated. Red, blue and violet are more saturated in die spectrum 
than are green and yellow: and we accordingly ascribed to them a 
greater colouring power, in the formulae of colour mixture (Fig 7). 
Saturation cannot, obviously, be increased beyond a certam limit , and 
therefore, under given conditions of iUumination, there must inevitably 
be differences of saturation in the different colour tones, even with the 
most favourable brightness 

3. We were able to define a colourless sensation in two different 
ways: by stating the degree of its colourlessness, and by assigning it 
to its position in the brightness scale The same applies to colour 
tone. It is capable of modification in two ways, more or less 
independent of each other: as regards saturation (purity, distinctness), 
and as regards position in the scale of colour qualities (measured by 
vibration rate). But while we could conceive of the various bright- 
nesses as arranged along a stra^ht line, begmning with the deepest 
black and ending with the most brilliant white, we must place the 
series of colour tones along a line which returns upon itself, te., a 
curved line, inasmuch as we have transition tones between the 
terminal red and violet of the visible spectrum, which are not identical 
with any of the qualities contained within it It is, therefore, customary 
to represent the series of colour tones as a drde This has the dis- 
advantage that it ignores the different colouring power of the separate 
qualities, their saturation or weight 0 f the term is permissible) The 
various tones discriminable in this continuous colour senes, — any point 
of which may be taken equally wdl as end or as begmning, — are all 
upon an equality in respect of simplicity. It is erroneous to say, as 
has sometimes been done, that certain of them are simple and others 
compound Language has done much to further the error we have 
no eapression for many of the tones, except a connection of the 
names of the two neighbouring colours When we wish to designate, 
t.g., the quality intermediate between green and yellow or blue and 
green, or producible by their mixture, we must speak of yellowish 
green, bluish green, etc. But there is no such connection in the 
sensation of this quali^; and if we find that only certain colours— red, 
yellow, green, blue — have special, simple names, that is not because 
they are die only simple colour tones, but because they are the colours 
of fimniKaT and particularly mteresting objects Purple, violet, and 
orange, which the same mistaken view r^jards as compound colours, 
have nothing even in their names to indicate their composition from blue 
and red or red and yellow. And within the range of colours which each 
name covers, there are many discrumnable tones, all of equal simplicity. 

4. After an this discussion, we may attempt to determine the number 
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of difltingiddiable cdour qualities, in tenns of the difference iimens 
obtained from a colour continuum of the greatest possible saturation, 
by a method which abstracts from die changes of brightness attending 
alteration of colour tone. It has been found, in investigations made 
under these conditions, that there are two 'terminal regions’ in the 
spectrum, vdiich show a difference of brightness only— not of colour. 
One of these extends from the b^^inning of the visible spectrum in 
red (under fiivomable dimunstances, otx»762 mm. = 762 /tft) to about 
655 the other from about 430 to the end of the violet (31 1 fifi) 
Our sensible discrimination for colour tones need, therefore, be tested 
only over the middle portion of the visible spectrum; the terminal 
tracts may be disregarded. Examination of this range of colours has 
always given the same result, the course of sensible discriminaUon is 
not uniform. The difference limen is comparatively large in red and 
violet, reaches a minimal value in yellow and blue, and has an inter- 
mediate magnitude in green. Thus in red an S has been found a 47 ^ 
m yellow = o 88 fi|», in green a i 88 (ifh in blue a 072 and in 
violet a 3-0 fifk No determination has been made of our sensible dis- 
crimination for the purples. Calculating from these data, we may put 
the number of disaiminable colours at about 150. The delicacy of 
sensible discrumnation (measured by the magnitude of the average 
error in the method of that name) runs paraUel, with few deviations, 
to its magmtude (measured by the difference Iimens) — Neither of these 
results is absolutely conclusive, however, as we do not at present know 
enough of the undoubtedly very considerable influence of the variation 
of brightness. 

5 The duration of stimulus modifies colour sensation (c£ § 18 7) 
But here, too, it is difficult to be sure as to what is due to saturation 
and what to the brightness of the colour At a certain lower hmit 
of duration, all homogeneous lights alike seem to produce a brightness 
effect only, 1 *., to affect the eye as would a mixed light, or an exceedingly 
strong or weak homogeneous light With a somewhat greater duration 
of stimulation, the whole spectrum is seen in two colours, red and 
blue — ^just as happens with increased intensity of light On other points, 
the records of different observations are not in entire agreement 
Some make the cognisability of a colour, the just noticeable colour 
tone, dependent exclusively on brightness, others on brightness and 
saturation. This contradiction is attnbutable partly to differences in 
the colour stimuh selected (solar spectrum, spectra of artificial sources 
of light, coloured glasses), and partly to individual differences between 
observers and methods of experimentation It is reasonable to suppose 
that saturation, which exerts a distinct influence upon the charactm 
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of the adonr tone, when the intensity of the light is varied, must 
also exert an influence when duration is the variable feictor. Blue, 
which IS usually much darker than green, is consequently seen earher 
than green. Violet, which is generally but very httle luminous, is, 
on the other hand, cognised last of all Yellow has been seen first 
in experiments with coloured glasses. But (i) these do not by any 
means give pure tones- and (2) the source of light employed (lamp 
light) was in itself predominantly yellow in colour Here again, then, 
the two influences of irightness and saturation cut across each other, 
in a way which we cannot at present explam. 

We meet with the same result, when we seek to determine, not 
the temporal limen, but the length of time necessary for the distmct 
and adequate perception of a colour, it, for the attainment of the 
maximum of excitation. If this time were dependent simply upon the 
brightness of the difllerent colours, yellow and green should become 
distinct before red and blue. It has been found, however, that, if 
bnghtness differences are checked and as far as possible eliminated, 
red is seen clearly before blue, and blue before green. 

6. One of the most surprising facts and most important problems 
in psychophysical optics, the ‘phenomenon of Purkmje’, apparently 
belongs in the present connection If we alter the mtensity of the 
light illuminating the series of spectral colours, we obtam a remarkable 
change in their relative brightnesses. In the normal solar spectrum, 

with a relatively high degree of saturation of the diflerent colour 
tones, yellow and green are seen brightest, blue and violet darkest, 
and orange and red midway between these two groups. If the light 
IS reduced in strei^th until the colours disappear, the order of bnght- 
nesses is somewhat as follows green, blue, yellow, violet, orange, red 
The experiment can easily be made with coloured objects, and its 
result is, perhaps, moat sinking when red or yellow is compared witli 
blue or violet By lamp tight or day tight there can be no doubt 
but that yellow makes an impression of greater brightness than blue, 
in the twilight, at dusk, there can be just as httle doubt that the blue 
object is the bnghter. Red is most effectually darkened by the dis- 
appearance of its colour tone: it may readily be confused with black. 

The interpretation of these facts is exceedmgly difficult, aswesliall 
see when we come to discuss them in detail (§§ 49, 50). At present 
it is enough to point out (i) that the Purkmje phenomenon illustrates 
certain peculianties of optical fusion, and (2) that it shows the 
divergence between the relations of saturation and brightness or mtensity 
in the various colours, of which we have already spoken. 

7. The magnitude of the coloured surfaces has, within certam 
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limits, an influence upon sensitivity and sensible discrimination, analo- 
gous to that exerted by the duration or intensity of stimulation There 
IS, consequently, a ‘most favourable magnitude’ for the cogmtion and 
discrimination of colour tones, just as there are a most favourable 
mtensity and duration of the coloured light But, apart from this, the 
colour sensitivity of the retina is different in different parts of its area 
While the brightness sensitivity mcreases up to a certain limit of 
deviation from direct vision, the colour sensitivity is generally greatest 
and most delicate at the fovea centralis, and steadily decreases both 
in magnitude and delicacy from centre to penphery The order of 
disappearance of the various spectral colours, as the angle of inclination 
to the sighting line of direct vision increases, is somewhat as follows 
violet, green, red, yellow, blue. The magmtude and brightness of the 
coloured surfaces employed are here of pnmaiy importance. It is, 
therefore, intelligible that the results of different observers should differ 
both as regards the order of disappearance of the colours, and the 
extent of the area over which they are visible. The only point of 
really universal agreement is this, that the nasal portions of the normal 
retina are sensitive to all colours at a greater distance from the centre 
than the temporal, and the upper portions at a greater distance than 
the lower. The teleological value of this arrangement is evident The 
two monocular fields of vision are partly coincident The outlying 
portions of the two retinae, therefore, mutually supplement each other, 
their colour sensitivity need not extend very far. But the inner, nasal 
portions are intended to function for the most part independently, and 
are accordingly so organised as to possess, each in its own right nn 
extended colour sensitivity Similarly, it is as a general rule far more 
important for us to suivey a large section of the lower portion of the 
field of vision, and cognise the colour qualities in it than to have the 
power of overlooking an equally large section of its upper portion. 

§ ao After-images and Anomalies of Vision. 

I. After -sensations, regarded as direct after-effects of stimulation, 
are nowhere so strong and so characteristic as m the domam of sight 
The after-sensations of pressure, which have but recently been dis- 
covered (§ lo 5), would seem to appear only under very special 
conditions, hardly realised by normal stimulation The effects of 
temperature stimuli may persist for a certain length of time, but always 
(so far as we know) in the quality of the original sensation An after- 
taste and an after-smell are also known, but have not been made the 
subject of any systematic investigation As a rule, they are probably 
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simply a more or less tardy remamder of the sensation excited by 
the stimulus Lastly, an auditory after-sensation has been observed, 
which is precisely analogous to the aftei'-sensation of pressure: it is 
separated from the primary sensation by a brief mterval, and then 
iqipears as a reproduction of it at a less mtensity. But on the whole, 
the after-effects of auditory impressions are very weak and transient; 
and we have, therefore, made no special mention of them. 

Visual sensations are exceptional m this respect. The visual afttr- 
imagt may differ in quality from the original impression And it 
presents during its course a number of phenomena which are of 
mterest in vanous coimections, and have consequently been often ex- 
amined. Thus the after-image is continuous (follows directly upon the 
pnmary impression, and constitutes a continuation of it) or discrete 
(separated from the impression by a brief interval, blank for sensation), 
according as the stimulation has lasted for a long or a short time 
Again, it may be positive, resembhng the primary impression in bnght- 
ness, or negative, diffenng from it to a considerable degree Again, 
the after-image of a colour can be same-coloured, ue , repeat the 
colour of the stimulus, or other-coloured, i e , exhibit a different colour 
These other-coloured after-images are usually termed complementary, 
as they are most commonly of that quality. But the more general 
title is the more correct, since stimulation by mixed light with a 
predominant colour tone may give rise to other-coloured images whose 
quality is not complementary to that of the preponderant sbmuhis 
Lastly, monocular stimulation can occa.sion an after-image not only in 
the exated, but also in the unsbmulated eye (§ 9 9) We must 
accordingly distinguish the direct image, of the stimulated eye, from 
the crossed image, of the other. 

2 Discrete after-images are obtainable only from stimuli of very 
brief duration sec. and less), such as the fla.sh of a not too inten- 
sive electnc spark. The primary image usually disappears with ex- 
traordinary quickness, and the appearance of the after-image occurs 
after an interval of some ^ sec. Between sensation and after^ensation, 
it is said, there not infrequently intervenes a negative (or complement- 
ary) after-image of exceedingly short duration ' ; and the positive is 
sometimes succeeded by a second, weak negative If the duration of 
stimulation is increased, the positive (or same-coloured) image follows 
directly upon the primary sensation, to be followed m its turn, with- 
out noticeable mterval, by the negative (or other-coloured). If the 
duration of stimulation is still further mcreased, a negative (or other- 

’■ I hare found confiimation of Uiia statement in monocular obserration. Dcrer in 
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coloured) image appears at once upon its cessation, ij., contmnonslj 
with the ongmal sensation. It appears, therefore, as if the charac- 
teristic course of the after-image could be studied most fully and 
with best result in its first form, as discrete; whereas the contin- 
uation of stimulation led to the omission of certain of its stages. 

It is evident, then, that the phenomena of the after-image are 
essentially dependent upon the duration of stunulation. But of very 
great importance for its quality and the succession of its phases are, 
further, the quahty, intensity, extension, and visual surroundings of 
the stimulus If we stimulate the eye with apparently colourless light, 
the after-image will also be colourless— unless certain colour tones 
were really contamed in the seemingly gray or white surface If the 
mixed light is very intensive, and of not too brief duration, it gives 
rise to a whole series of coloured after-images ^ This effect is known 
as the flight of colours in the after-image. 

3. Stunulation with light of a smgle colour is usually followed (r) 
by a same-coloured positive, and (2) by a complementaiy, generally 
negative after-image. If the illumination of the retina is sufficiently 
intensive, and especially if the field of projection is dark, the comple- 
mentary image may also be positive. The greater the intensity ot 
stimulus, the greater is the duration of the after-sensation and the 
qmcker the appearance of its negative (or complementary) phase. If 
the stimulation is sufficiently weak, on the other hand, there may be 
no second phase at all A light of considerable intensity and httle 
duration or extension has the same effect m after-sensation, within 
certain limits, as a light of small mtensity and greater duration 01 
extension The visual surroundings of the stimulus (of which we shall 
treat in detail when we come to speak of the phenomena of con- 
trast: § 68) may enhance or dimmish the vividness of the after- 
image, coloured or colourless The nearer they approach to the 
colour or bnghtness of the stimulus, the less distmet is the after- 
image; simply because the whole of the light falling upon the retina 
will be effective for after-sensation, and the same laws of phase and 
quality will hold for the area which we term ‘the stimulus’ as for all 

‘ Tbui, kfter looking at the lun ibi at moat ^ aec , 1 have aeon (i) a bnght (poaifaae) 
after-image, which (2) took on a red border, (3) then the centre became green, and a 
Tulet area appeared beyond the red border , {4) then the violet became dark gray and 
the red and green centre pore blue, (5) then the bine changed to white, with a red 

border, (6) then came a roie-violet centre, with dark blue border, while the dark gray 

area beyond took on a greeniah colonr; and Snally, (7) the whole image waa bine, 

with bnght green border, npon a white field. Thu nicceaaion of phaaea occupied 
aeveral nunutea, and oftieii would undoubtedly have followed if I had not intermpted 
the obaervation 
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tile rest. The brightness of the negative image of a black object 
will, therefore, be proporbonal to tite brightness of the suiroundings 
of the object and the darkness of the field upon which it itself is 
projected. Again, the brightness and colour tone of the after-sensa- 
tion are largely dependent upon the nature of the primary light, the 
original stimulus, and of the reacting light, the illumination of the field 
in which we see it If we fixate a green object on a white back- 
ground, the after-image on white is reddish, on green whitish, on 
red red. The same green object seen on a purple background gives 
in the dark field of vision a deep purple image with a broad green 
border. Finally, it must be mentioned that the excitability of the 
after-image differs greatly m different individuals The stimulability of 
an eye can, to a certain extent, be measured by its after- sensitivity, 
f>., the qualitative and temporal course of its after-images. 

All these statements refer either to the binocular or the direct after- 
image Proof has recently been adduced of the existence of a crossed 
image, which in temporal and qualitative r^ard is a weaker copy of 
the direct Its total duration is less, the complementary phase appears 
later and is less saturated, its form is less distinct, sometimes it does 
not attam to the complementary stage at all, etc. Special practice is 
required for its observation* the two monocular fields of vision must 
be sharply separated, either by the help of instruments constructed for 
the purpose, or by squinting, or by exclusive concentration of the 
attention upon one field. 

4. Corresponding in vividness and variety to the phenomena of 
after-images are a number of subjective visual sensations, which caimot 
be referred to the mere after-effect of sbmuldtion. We abstract here 
from the centrally exated sensations (winch will be discussed m Ch 
IV.), and shall mention only the bght dust or tight chaos, composed 
apparently of finely sifted specks of tight, which is seen in the dark 
field of vision of the rested eye. If the eyes are quickly moved, there 
sometimes appear weak flashes of light, probably due to the mechanical 
shock imparted by movement to the optical apparatus They occur, 
too, under inadequate stimulation, — ^pressure, pull upon the eye-ball, 
section of the optic nerve, electncal excitation In all these cases a 
flash of bright light has been observed, indefinite m outtine, and 
localised at the place of stimulation. 

A leading part among subjective sensations is also played by entoptic 
perceptions, te, the observation of objects within the seeing eye 
Itself. Under favourable conditions we can see threads and granules 
moving in the vitreous humour, or an image of the retinal vessels. 

We need not go into these phenomena m detail, as they have no 
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significance for psychological optics. Their quality is always some 
one of the familiar series of colours or bnghtnesses; and it has not 
been found possible to turn them to account for a theory of the 
physiological condihons of vision 

5. More important in this connection are the various anomahes of 
vision. We mean by the phrase not disturbances of visual space per- 
ception, but the abrogation of certain visual qualities. It is noteworthy 
(i) that a more or less complete colomr blindness ^/0/a/ or co/ovr 
blindness) is found, without impairment of the brightness sensibvity, 
but that there is no such thing as a separate brightness blindness, 
and (2) that m cases of total bhndness, *.0,, of abrogation of sensiti- 
vity for both colour and brightness, the intnnsic retmal light or 
retinal black (§ 18. 7) also disappears. Total colour blmdness is 
rare, and generally implies a diminution of the sensible discnm- 
mation for brightness but partial colour blindness is quite common, 
and presents a number of vaneties Occasionally the blindness is 
confined to one eye, so that the visual quahties remaining can be 
checked by those of the normal retina, and the correctness of then 
definition assured; but this is not often. 

Three classifications of colour blmdness may be mentioned (i) 
Visual systems have been divided, in terms of the phenomena of 
colour mixture (§ 17), into tnckromatic, dtekromalic, and monockromahc 
The normal eye is tnchromatic; the totally colour blind monochromatic , 
and the partially colour blmd, aD of whose sensations can be produced 
by the mixture of two primary colours, dichromatic. There is further 
a special class of anomalous tnchromates, who react to three primary 
colours, but to three which differ considerably from those of the normal 
type. This classification is based upon one particular theory of the visual 
qualities : the second upon another. (2) It is assumed that red, green, 
and violet are not only primary colours (10, of pnmary importance 
m colour mixture), but also primary sensations, corresponding to defimte 
elementary nervous processes. There are then three possible forms 
of dichromabsm red blmdness, green blmdness, and violet blindness. 
(3) A third theory, finaUy, looks upon red-green and blue-yellow bhnd- 
ness as the only possible forms of partial colour bhndness 

All these classifications, however, are merely schematic. Each 
rubric covers a number of demonstrably different forms. And even 
as schemata they are inadequate Thus a case of insensitivity for 
violet, green and yellow has recently been observed, m which all 
varieUes of visual quality could be obtained by the mixture of red 
and blue, and these two were actually complementary. 

6 . We cannot devote more space here to the diagnostic methods 
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or qpedal fomu of colour blindness. It will be sufficient to note 
certain important results of its observation, which lead us to the 
subject of the next Section. If it is true, as has lately been asserted, 
that hardly any two instances of colour blindness are precisely alike, 
the simplicity of the classifications hitherto proposed can be de- 
fended only on the ground that it allows of a general survey of the 
whole field. In other respects it must be regarded as altogether pre- 
judicial to the detailed investigation of the facts. Assuming (as we 
did in § 19) that every disoimmable quality in the closed senes of 
colour tones is equally simple for sensation, we must accept a very 
large number of possible varieties of colour blindness. It must be 
emphasised, in particular, that the disappearance of particular colour 
qualities does not, on this view, necessmily mvolve the abrogation of 
their complementaries. And the scale of brightness sensations, an 
otherwise mdependent senes of visual qualities, must also be consi- 
dered as not necessanly afiected by disturbances withm the colour 
scale. This position has recently received confirmation in the course 
of careful investigations of total colour bhndness. The br^htness of 
the monochromatic spectrum proved to be precisely the same as that 
of the normal spectrum in Puikmje’s experiment (§ 19. 6). A colour 
blind individual is, therefore, in much the same condition as one 
afflicted with partial deafiaess. It has been found that the sensitivity 
for tones can be diminished, while that for noise remains unimpaired. 
The analogy between this case and that of total colour bhndness 
carmot, of course, be pressed; but we may reasonably compare in- 
sensitivity for deep tones (bass deafiiess) with, say, red bhndness, 
or insensitivity for high tones (treble deafiiess), which is especially 
common, with, say, violet blindness. An abrogation of certam por- 
tions of the middle region of the tone scale is also known, though it 
IS far more rare. Just as m psychophysical acoustics these facts have 
been held to support the theory of a cochlear key-board, an anatom- 
ical and physiological instrument reacting selectively upon sound waves 
of different vibration rates, the parallel facts of colour blmdness have 
been appealed to, m psychophysical optics, to prove the existence of 
nerve fibres specifically sensitive to red, green, and violet, or of a 
rod-green and blue-yellow visual substance. 

§ ai. Theories of Visual Sensation. 

I. The optic nerve, the second cerebral nerve, connects the peri- 
pheral organs for the reception of light stimuh with the central termini 
of visual excitations, situated in the ocapital lobes of the cerebral 
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cortex, and especially m the neighbourhood of the calcarine fissure 
Whether centre or periphery is physiologically responsible for the 
different visual qualities is a question which we cannot at present 
answer with any degree of certainty. Some observers regard the 
peripheral tenm^ apparatus of the optic nerve in the retina as struc- 
tures sufficiently differentiated in form or exatabihty to servo as the 
substrate of all the vanety of our visual sensabons. Others prefer 
to place the anatomical or funcbonal differences of optical exatation, 
reqmred by the fficts of consciousness, in the central organ. Some, 
again, have had recourse to both — makmg the retma disenminate 
colours, and the cortex brightnesses; while others exphcitly declme to 
refer the hypothetic.!] differences m nervous process to particular locali- 
ties within the optical nervous system. The differences between psy- 
chophysical theones of vision and of the other senses, and between 
the visual theories themselves, are thus obvious firom the very first 
It seemed self-evident that the quahties of sensations of hearmg, 
taste and pressure should be brought mto relation with penpheral 
organs. In the case of sight, not even this preliminary pomt has been 
finally settled . and under such circumstances the translation of theo- 
retical ideas mto the concrete is plamly impossible. It is not surpris- 
ing, then, cither that the psychophysical theories of vision should be 
different, or that they should be abstract. Until the facts which we 
have passed in review m the previous Sections can be explamed in 
definite physiological and anatomical terms, their 'theory' must neces- 
sarily remam a mere conceptual formulation of postulated physiological 
processes, more or less happily adapted to the psychical phenomena 
which it has to cover. We can here only sketch m briefest outline 
the most recent attempts made to cope with this difficulty. 

2. In this condition of affairs it is not meumbent on us to give 
any very elaborate description of the optical apparatus,— more espea- 
ally as we shall discuss certam parts of it m detail when we come 
to treat of visual space perception (§ 58). Of the path of light rays 
through the refractive media of the eye, eg, we shall say nothmg. 
The essential facts are as follows The optic nerve, on entering the 
eye-baU, radiates in all directions over the mtemal ocular membrane, 
the retina. It is insensitive to light at the place of entry, where we 
find none of the peculiar termmal organs, the rods and cones. The 
light ray must penetrate fairly deeply into the retina, before it can 
excite these teimmal organs. At the spot of clearest vision, the yellow 
spot, as it is termed, are set cones only ; over the remaining area of 
the retina is spread a mosaic of rods and cones, the latter becoming 
more and more sparse as the penphery is approached. What ch a ng e 
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IS produced in the substance of these structures by illumination we do 
not know The length of tune reqmred for the ongmation of a visual sen- 
sation, and the long duration of the after-effect of stimulation, suggest, 
however, that the process of retinal excitation is of a chemical nature 
The significance of the change of form of the cones (they become 
thicker and shorter under illumination) has not been ascertamed. Light 
has a visible effect upon the visual purple, which is found m the ex- 
ternal members of the rods, and causes a migration of the particles of 
pigment in the pigment layer, but though it is not improbable that 
both processes are in some way related to sensation, whether of bnght- 
ness or colour, nothmg positive can be said upon the questioiL Nor 
has any tenable hypothesis been proposed of the possible significance 
for the visual quahties of the extraordinarily delicate electrical stimula- 
bihty of the ocular apparatus, and m particular of the idio-retinal 
currents. Even less can be said of the processes set up m the cortical 
visual area and the lower centres, such as the corpora quadngeraina 
So that m the sphere of vision we are unfortunately altogether unable to 
correlate anatomical and physiological facts with psychological data. Psy- 
chology, therefore, furnishes at once the only real cntenon of validity 
and the exclusive factual support for the three theones which we shall 
now set forth 

3. (1) Regarded from this stand|x>iut, the first theory— originally 
propounded by Young, and extended and specialised by Helmholtz— 
IS certainly the least probable. It starts out from the existence of the 
three pnmaiy colours. From the fact that there me three homogeneous 
lights, the mixture of which in the right proportions gives all the co- 
lour tones, at a relatively maximal degree of saturation, and all the 
coloudess sensations, it is aigued that there are also three elementary 
excitations, and three primary sensations corresponding to them The 
three exatations are conceived of as pecuhar to three differently func- 
tioning nervous apparatus, whose peripheral termmations are endowed 
with different kmds of photochemically decomposable substances. 
Stimulation of one gives rise to the sensation of red, stimulation of 
another, to that of green; of the thud, to that of violet Objectively 
homogeneous light excites all three apparatus, but with different d^;rees 
of mtensity, according to its wave length Thus the red substance (if 
the phrase may be used for the sake of brevity) is mtensively excited 
by red light, less intensively by yellow rays, and very weakly by 
violet. Every penpherally exated colour sensation depends, therefore, 
on a mixtiue of the three elementary excitations. Lastly, white arises 
in sensation from the simultaneous stimulation of all three substances 
at an equal degree of mtensity 
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(a) The most serious objection to the theory is the indubitable inde- 
pendence of the senes of bnghtness sensations We have only to 
remember the existence of total colour bluidness, the pure brightness 
quality which results from very bnef, very intensive or very weak stimu- 
lation with homogeneous light, and the phenomenon of Purkmje, to 
be fully convinced of this The secondary hypothesis of a quahtative 
vanabih^ of the elementary excitations, which has been set up to ex- 
plam, in particular, colour blmdness and the decrease of the sensible 
discnminabon for colour tones towards the penpheiy of the retma, is 
inadequate to meet the objection, apart from the fact that it leads to 
extremely difficult and indeterminate ideas of the actual character of 
the three pnmaiy sensations, (b) Moreover, the phrase ‘primary sensation’ 
seems to be altogether inadmissible. Considered as sensations, all the 
colour tones intermediate between red, green and violet are as simple 
and elementary as these themselves And the principle of psychophy- 
sical parallelism does not by any means require that all sensations be 
correlated with equally elementary nervous processes (c) Finally, the 
theory does not take account m a satisfactory way of the mcongrmty 
between the physical and the psychological (emphasised m § i8), and, 
more especially, of the cormection between colour tone and brightness, 
of the complementariness of colours, and of the p^chological eqm- 
valence of intensive homogeneous and mixed light 

4 (2) Hering’s theory of vision improves upon the Young-Hehn- 

holtz hypothesis m most of the pomts to which we have taken ex- 
ception It, too, starts out from the assumption of three visual sub- 
stances, though it expressly declines to localise them Each of these 
substances, however, is capable of serving as the substrate of two antago- 
nistic nervous processes, dissimflation and assimilation, corresponding 
respectively to the loss to the hving organism occasioned by the exata- 
tion, and to its subsequent repair (cf. ^ ii 5). The six hypothetical 
processes thus obtained are the physiological correlates of six sensations, 
which are, by the verdict of introspection, the only simple visual 
qualities. They are the colour tones red, yellow, green and blue, and 
the colourless sensations black and white A gray, Henng says, 
bears evident marks of its composition from black and white, and 
orange, violet, etc., show as evidently that they are derived from the 
mixture of two pnncipal colours. The four colour tones are so chosen 
that red and green, blue and yellow are complementaries: a condiUon 
which shifts the ‘primary red’ in the direction of purple. We have, 
accordingly, blue-yellow, red-green, and black-white substances Red, 
yellow and white are sensations of dissiimlation; green, blue and black 
sensations of assimilation. Every light stimulua stunulates the black- 
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white substance, while the other two substances are affected only by 
mixed light with a preponderant colour tone or homogeneous light 
of a visible wave length. If assimilation and dissimilation are in 
equilibrium, we have no colour sensation, but only one of brightness : 
and if the equilibrium occurs in the special black-white substance, it 
gives rise to a sensation of gray interm«liate between the two extremes. 
Mixed colours and degrees of brightness arise ffom the preponderance 
of assimilation or dissimilation m various proportions. 

5. There can be no doubt that Henng’s theory does fuller Justice 
to the facts described in our previous Sections than that of Helm- 
holtz. Its ideas are, it is true, for the most part too abstract to 
furnish a real expl<ination of the fiicts, but at least they accord better 
with experience than do those of the foregoing hypothesis (a) The 
most serious objecUon that can be urged against the theory is, again, 
an objection to the relation mto which it brings the two series of 
coloured and colourless sensations. The complete analogy between 
the processes m the black-white substance and the two colour sub- 
stances, assumed by the theory, does not really exist Complement- 
ary colours pass into each other through a pomt of indifference, but 
the passage from the deepest black to the most brilliant white is along 
a continuous series of colourless sensations. It is unpossible to suppose 
that an equilibrium of assimilation and dissimilation can in one case 
give rise to an mtermediate gray, when m other cases it corresponds 
to the pomt of mdifference between complementary colours, w., to 
an abrogation of exatahon in the peirticular colour substance. The 
peculiar nature of the brightness s<^e is unrecognised, therefore, in 
this theory as in the other. We must demand that the idea of anta- 
gonistic nervous processes be given up, either for colour or for bright- 
ness : it cannot possibly hold of both. { 1 ) Agam, an introspection 
which distinguishes by direct analysis the red and yellow, t.g„ in 
the transition tones lying between those quahties, and finds m every 
shade of gray a mixture of pure black and pure white, is certainly 
not characterised by that ‘unpartiahQr as regards the facts’ (§ 2 3) 
which we have seen to be a necessary condiUon of its psychological 
appheauon. That a sensation differs more or less fi:om certain other 
sensations must not be mterpreted to mean that it is a mixture 
of these. The only qualitative analysis of which we are capable, when 
a retinal element is simultaneously stimulated by two or more colours, 
is the discrimination of colour tone and brightness, (r) We may 
pass over other difficulties, such as the inadequate explanation of 
certain forms of dichromatism It need only be bnefly remarked, in 
conclusion, that it is extremely improbable that the blue and green 
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lays, which are just as much stimuh as the red and yeQow, exert an 
assimilative influence upon nervous substance. 

(3) Wundt’s theory ot the visual qualities is, perhaps, the most 
abstract, but at the same time the theory which accords best with 
the factB of observation. According to it the normal retina, when free 
horn stunulation, is in a condition of permanent excitation from within. 
The correlate of this excitation is the sensation of black. Every light 
stimulation sets up two excitations^ a chromatic and an achromatic. 
The former is an approximately periodic function of wave length, 
the most extreme visible differences of which produce similar physio* 
logical effects. The effects of certain intermediate differences are of 
opposite characters, so that they can entirely cancel one another. 
The achromatic exatation is dependent upon wave length only as 
regards its relative mtensity. The two are, further, affected m different 
ways by the intensity of light The achromatic begins at a very low 
degree of stimulus intensity, and mcreases continuously with it; the 
chromatic is greatest at moderate mtensities of stimulus, and loses in 
weight, relatively to the achromatic, both with increase and decrease 
of the strength of stimulation. 

If we translate this view into the current phraseology of ‘visual 
substance’, we obtain two substances, one of which reacts to light some* 
what as the pupil does, i.e., responds only to its intensity, and even when 
affected by homogeneous ra3r8 seems to be dependent simply upon their 
strength,' while the other stands m an equally exclusive functional 
relation to the quality of coloured light, to wave length. The 
apparent dependency of chromatic excitation upon stimulus intensity is 
readily exphcable from the number of degrees of fusion of colour tone 
and bnghtness, as is the analogous apparent dependency of achromatic 
excitation upon wave length We then need only to make the further 
assumption, for the chromatic substance, that the exatations set up by 
any two complementary hghts cancel each other when they originate 
m the same retinal element, and that the different colours attain the 
maximum of saturation or distmctness at different degrees of light intensi^. 
With these simple postulates it is possible, on Wundt’s hypothesis, to 
give an unforced explanation of all the phenomena of vision. 

7. In conclusion, we may notice one or two facts which must be 
regarded as important, whichever of the extant theones of vision we 
may accept or reject (i) The superior sensitivity of the periphery 
of the retina for bnghtnesses is usually ascribed to the increase in 
the proportion of rods from the centre outweirds. The rods are consid- 

< Accoidiiig to Sachi, the pupiOu reaction to coloon it detannined bj their 
bnj^taaw; 
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ered to be catoptric structores. (2) The colouring of the yellow 
spot seems to exert an especially weakening influence upon the blue 
rays, by absorption, and the fluorescence of the retina to be some- 
what prejuditiid to the approxmiafion of the colour tones of the red 
and violet rays at the ends of the spectrum. (3) Feclmer proposed, 
and Helmholtz and Wundt have adopted a theory of after-images, 
according to which the positive and same-coloured phases correspond 
to the after - efiect of the onginal excitation, while the negative and 
complementary are to be looked upon as phenomena of retinal ex- 
haustion. The theory needs revision, in face of the pause in sensation 
between pnmary excitation and positive after-image, observed with 
stimuh of short duration Ilcnng regards after- sensation partly as a 
contmuation, partly as a icaction, of assimilation or dissimilation in 
some one of the visual substances. 

H von Helmholt*, Handbuch der physulogisihen OpifI, 1S67 Stcond ed , 1896 
H Aubert, GrundMge der pkynolegtsikfH Opltk, 1876 

E Hcring, Grundsuge einer Theorte des Luhlsmns und des Farbensinns 
Siteber d. Wiener Akad d Wtss , Abtk 3, vol 69 
J von Knes, m Nagel’s Handbuch d Physiol , III , 1905, 109 ff 
W Wundt, Du Empfindung des Lsehts send der larben Phtl Studun, voL 
4, pp. 310 ff. 1887 

(5). The Quality of the Organic Sensations. 

§ os. The Muscular, Tendinous and Articular Sensibility. 

I. By ‘organic sensations’ we mean the sensations adequately stim- 
ulated by changes m the condition of the bodily organs, — muscles, 
joints, etc Thus the sensation evoked by the movement of a limb 
or arising from muscular fatigue, and that which follows from a dimi- 
nution of the amount of moisture m the mucous membrane of the 
pharynx, are organic sensations. In every case, the adequate stimulus 
consists of a change in the condition of the particular organ, and the 
organ itself is the peniiheral seat of ongin of the nervous exatation 
which 18 tlius set up The fact that the sbinulus acts withm the body, 
— mdeed, is a bodily process, and that the organic sensation itself b 
not referred, as a rule, to any external cause, has led to the belief 
that a sharp Ime of distinction must be drawn between the internally 
excited and externally exated sensation contents. The latter are the 
sensations of the ‘five senses’; the former constitute ‘common feeling’, — 
although an exception has sometimes been made in favour of the 
‘muscle sense’, which has been accounted the sixth of the special 
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senses Bnt there is nothing in the phenomena to justify this prmciple 
of classification For (ij sensation quahties may be essentially similar, 
however great the differences in their localisation And (2) localisation 
IS not a safe entenon in 'any case Thus, if it 11 to serve as dtfjerenita, 
the snbjectiffed visual sensations must be included m common feehng 
If on the other hand the name is used to denote complexes, fusions of 
sensations, it must be remembered that these cannot be co-ordinated 
with the simple qualities of the external senses 

Our present investigation of organic sensation will be confined to the 
discussion of the question whether they jirescnt new qualities, not con- 
tamed in any of our previous lists, and to the explication of their peri- 
pheral origination, where that is pOssiUe. 

2. The heading of this Section enumerates the most familiar, and 
perhaps the commonest of the organic sensations The three classes 
are shll not infrequently grouped together under the name of the 
muscle sense But now that we know that not only the muscles, but 
the ligaments, tendons and articular surfaces mediate sensations, which 
would all fall witlim the group covered by this term, we must evi- 
dently give it up as inadequate It is more usual at the present tune 
to find the sensations classed as movement sensations or kinsesthebc 
sensations, for the double reason that they are most effectually excited 
by movements, and serve as our pnnapal means of estimatmg move- 
ment But this very ambiguity of application has proved to be a fruitful 
source of error, and is sufficient to condemn the proposed title. Since 
we are now able, within certam limits, to determine the special parts 
played by the vanous organs in ‘movement sensation’, it seems best 
to employ the particular rubnes given above— muscular, tendinous and 
articular sensibility We thus escape the danger of a confusion of the 
visual or cutaneous ‘movement sensations’ with the orgamc 

The analysis of organic sensations has not been an easy matter 
The organs are not exposed, isolated excitability can be predicated 
only m rare ca.scs, and the stimuli are not sufficicnlly well known 
The two methods of qualitative analysis, which we have previously 
described (§ 12. 2, 3) as the physical and physiological, cannot, there- 
fore, be called u^xin to assist in their detemunation Agam, the normal 
indistinctness of the qualities and their very high degree of fusion 
prevent any exact discrimination by introspective analysis Our know- 
ledge of the sensations is, m &ct, entirely due to experiment and to 
anatomical, physiological and pathological observation It is only since 
the sixties, to speak roughly, that a speaal muscular sense has been 
recognised, while the significance of tendmous and articular sensation 
is a discovery of the past few years 
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3. If we move our hand slowly to and fro with fingers outspread, 
whOe the eyes remain closed, we have (i) an extraordinarily 
accnrate visual idea of its changes of position, (2) a number of fairly 
distinct cutaneous sensations, due to changes in the tension of the skin, 
and (3) very vague and weak sensations fiom subcutaneous organs, — so 
little intensive that, in certain positions, we are conscious only of those 
residing in the wrist-joint. If, again, we hold our hand out as if we 
were firmly graspmg some small object, the mtemal sensations are 
very vivid; preponderant in the complex being a certain sensation of 
strain, which quickly becomes unpleasant. We observe sinular sensa- 
tions if we let our arm hang down while a heavy weight is held in the 
hand, only that the strain sensation is now distributed over the whole 
arm. These facts seem to show that the sensations arising from the 
fnction of the arUcular surfaces are brought into special clearness by 
movement, and that they are specifically difierent from the strain sensa- 
tions, which are not necessarily excited to a noticeable degree by the 
simple movement of a limb or organ. We can convince ourselves shll 
more positively of the existence of articular sensations by moving a 
finger which is strongly pressed down in its socket, tt, under condi- 
tions of unusual proximity of the articular sur&ces concerned Strain 
sensations, on the other hand, appear most intensively in conscious- 
ness after exhausting bodily exercise or in muscular cramp When the 
limbs are not moving, the excitations set up in the joints are exceedingly 
weak and, as a rule, no more remarked than the cutaneous excitations 
due to the pressure of our clothes. We may, accordingly, suppose 
that movement is the adequate stimulus for the articular sensibility, and 
the contraction of muscle and tendon indirectly dependent upon it the 
adequate stimulus for the sensations excited in those organs As both 
muscles and tendons are involved in every contiacbon, we may for 
the present employ the general term strain sensation to cover all the 
sensations denved from them, distinguishing this class from that of the 
articular sensations It is evident that only the articular sensibility 
can furnish exact information of extent of movement, that it alone can 
arouse an accurate visual idea or a direct judgment of change of position 
Indeed, this is a universal rule of sensation. While it is characteristic of 
adequate stimuli that they stand in the most comprehensive functional 
relation to the sensations which diey excite, we also have in them, 
conversely, the best criterion of the existence and quality of particular 
sensations. The adequate stimuli for articular sensations are move- 
ments, the positions of a limb from moment to moment ; the adequate 
stimuli for strain sensations are the greater or less degrees of contrac- 
tion of muscle and tendon. 
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4. Anatomy and physiology have proved the existence of sensory 
nerves in joint, ligament, and tendon as well as m muscle. The arti- 
cular surfaces are richly supplied with the Vater-Pacini corpuscles, 
familiar to us from the external skm (§ 10 6), and the smews contain 
peculiar terminal apparatus, the sensory terminal plates and the spmdles 
of Golgi. The nervous terminations in the muscles are, for the most 
part, free fibrillar processes nuclei are sometimes found. The existence 
of sensory nerves has also been demonstrated in the fascise and sheaths 
of muscle and tendoiL We may, perhaps, conjecture from these facts 
that strain sensations are mediated by the peculiar terminal organs of 
the tendon nerves, while the free nervous terminations or Vater-Padni 
corpuscles are excited m the same way as the cutaneous pressure nerves, 
and give rise to qualitatively similar sensations. The articular sensa- 
tions are, undoubtedly, very closely related to those of pressure. Of 
muscle sensations proper we know hardly anythmg. Goldscheider 
rendered the skm over a muscle anaesthetic by a subcutaneous cocame 
injection, and then produced a slight muscular contraction by electrical 
stimulation. There was no sensation. With increased strength of cur- 
rent and stronger contraction, he obtained “a dull sensation of peculiar 
character", which was qualitatively entirely sunilar to a sensation caused 
by pressure on the muscle, was subcutaneously localised, made an 
unpression of ‘diffusion ’, and did not at all suggest the idea of movement 
The same observer has shown that our judgment of the heaviness of 
lifted weights, when the cutaneous pressure factor is as far as possible 
eliminated, is founded not upon sensations of muscular mnervation, but 
upon impressions proceeding from the stram exerted on the tendons 
It seems certain, therefore, that the stram sensations, in the stnct 
sense, which may play so large a part in consciousness, are penph- 
erally excited in the tendons and the tendons alone. On the othei 
hand, the muscle sensations, which were formerly accorded the leadmg 
r 61 e in the cognition of weight and the estimation of the magnitude 
and direction of movement, do not really appear at all, except as the 
result of mtensive stimulation, great &tigue, or in the form of muscular 
pam; and, consequently, are useful only as infoimmg us of the functional 
capaaty of the organs. 

5. This view is confirmed both by psychophysical experiment and 
by pathological experience (i) It has been proved (a) that our sensible 
discrimination for the heaviness of weights is much more dehcate when 
they are lifted, than when they exercise a merely passive pressure upon 
the skin, {b) We know, too, from everyday observation, that the 
weight of an object in sensation is proportional to its distance from 
the point of rotation of the moveable limb. This illustration of die 
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law of the lever could not be explained in terms of simple cutaneous 
sensation, (e) And, lastly, sensible discrunination and sensitivity for 
weights remam unimpaired when the sensibility of skm and muscles 
has been very greatly reduced by artificial means, eg, by faradisa- 
tion; whereas the same sensitivity is proportionally lessened by dimi- 
nution of the tendinous sensibility We may conclude fi:om these 
observations that stram sensations produced by weighting a moveable 
limb are of independent oiigm, and that the place of their origination 
is the tendinous nerve termination. On the other hand, there are 
numerous mvestigations and eiqieriences which speak for the import- 
ance of the articular sensibility, (a) It may be conjectured a prtort 
that muscular and tendinous sensations cannot form the ground of 
our judgment of the position and movement of our limbs in the 
absence of visual perceptioiL We saw above that movement is not 
to be regarded as the adequate stimulus for stram sensations. We 
may now add to this the &ct that it is impossible to postulate a 
umform relation between amount of contraction or degree of exten- 
sion of muscle or tendon and magnitude of movement Not the mere 
change in length of muscle or tendon would appear to produce a 
sensaUon, but only the mtensity of the strain accompanying contrac- 
tion and extension. It plainly follows that a considerable movement 
may be conelated with an insignificant stram, and a slight movement 
with a severe strain, i.*, that there is no proportionality between 
extent and direction of a movement and the possible concomitant 
sensory excitations in muscle and tendon On the other hand, the 
relation between the positions of the articular surfaces as regards each 
other and positions or movements of the limb is just as simple as that 
between the different parts of skm or retina and the points from which 
they are stimulated, (b) If the arm is supported by a rest, its position 
can be judged as correctly as if it were hdd out freely, in spite of 
the extremely different amounts of muscular activity mvolved m the 
two cases, (c) Experimental diminution of the cutaneous and mus- 
cular sensibility by the interrupted current does not unpair the judg- 
ment of position and movement, whereas a similar disturbance of the 
articular sensibihly affects them very considerably. We see, there- 
fore, that the articular sensibility furnishes the real basis of our per- 
ception of the position and movement of our limbs, where an appeal 
to vision is excluded. 

(2) Pathological observation is in complete agreement with these 
results, {a) In cases of complete anaesthesia of the external skin, 
the judgment of the position of the limbs is perfectly nonnal, and 
even where the anaesthesia mvolves the muscles it is not inadequate. 
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If, on the other hand, the whole limb is insensitive, die patient lets 
an object fall which is given him to hold, — unless he can look at 
it, — and has no idea at all of the position of the diseased limb. (&) 
It has also been noticed that patients sufTeiing from anaesthesia of 
akin and muscles give the most accurate judgment of movement if 
the articular surfaces of the moved hmb are pressed closely together, 
and become very uncertam in judgment if the joint is pulled as &r as 
possible apart. 

6. The inference to be drawn from this discussion is veiy simple. 

(1) The quality of articular sensations is, in all probabihfy, quite 
siinilar to the qualify of pressure, mediated by the external skin. 

(2) The strain sensations denved from the sensory nerve termina- 
tions m the tendons present a new quahty. (3) The muscular sen- 
sations, which become noticeable only when the diange of organic 
condition which stimulates them is of some magnitude, are also, it 
seems, of a peculiar kind, although we caimot give any definite ac- 
count of their quahty. 

The quahtabve smularity of articular and pressure sensations can 
be illustrated in another way. Besides their importance for space 
perception, the articular surfaces furnish us witii information of the 
resistance which we encounter in touching, grasping, striking, etc. 
Our judgment is based, m particular, upon the intensity of the sensa- 
tions aroused, which are exceedingly responsive to variation in flie 
amount of the resistance offered, the density and sohdity of the object 
touched. That it is really a specific function of the articular sensibili^ 
lias been shown by Goldscheider, in a series of experiments devised 
for this express purpose. The phenomenon which he names ‘the 
paradoxical resistance sensation’ is very striking. Suppose that a 
weight, not too light, attached to the hand or finger by a thread, is 
dropped with moderate quickness till it strikes suddenly, but as noise- 
lessly as possible, upon some soft surface. There at once arises a 
&irly distinct sensation of resistance, due to the persistence of the 
contraction of the antagonists after the weight has ceased to act, and 
the consequent increase in the counterpressure of the articular sur&ces 
against each other.— It is very misleading to term the same sensations 
sensations of resistance or of position and movement, according as 
they mediate an idea of resistance or a qpatial perception. We might 
equally well name the cutaneous pressure sensations sensations of 
pressure, place, or movement, as circumstances suggested, and so 
rqipear to imply the existence of three different qualities. That two 
classes of judgments or ideas should originate in the same sensations 
does not present any real difficult In the cognition of the magni- 
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tude of a pressure or resistance, their intensive differences are the 
important thing: in space percepticm we rely not upon this intenave 
gradation, but rather upon their local difference. The character of 
the dependency involved cannot be further discussed here. 

It is impo^le at present to attempt a detailed theoiy of the 
muscular, tendinous, and articular sensibilibes. We will only mention 
in conclusion that all the sensory nerves concerned probably ascend 
to the brain in the posterior columns of the cord, and radiate in the 
corebral cortex for the most part in the neighbourhood of the posterior 
central convolution. It is noteworthy that these columns, whose chief 
function is to inform us of the condition of our own body, attain their full 
growth particularly early in the development of the individual organism. 
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§ 03. Analyala of the Common Senaationa. 

The < Static Sense.’ 

I. We employ tiie expression common sensation, in place of the 
usual physiological term 'common feeling’, to designate certain com- 
pound mental states, which are the result of the combmation of vanous 
sensory excitations horn the penpheiy of the body, and whose elements, 
so £u as tiiey can be deterrmned by analysis, are to be regarded as 
sensations. This definition excludes two special elements which play 
an important part in common feeling as ordinarily understood, te, 
the pleasamt and unpleasant constituents of the complex It is a fact of 
continual experience that these processes (which in our terminology 
must be denominated feelings) are apt to attain a high degree of 
intensity when compounded with sensations of the internal organs. 
Fenpheral pain appears almost exclusively in company with sensations 
of this kind, and the most intensive sense pleasure, the sexual, also 
occurs in connection with certain organic sensations. Since the presence 
of a strong feeling conceals the quality cff its concomitant sensations, 
the analysis of a class of sensations which hardly ever make their 
^ipearance except under this condition will obviously be exceedingly 
difficult Moreover, the experimental appliances, which render such 
good service elsewhere in facilitating the isolation of the constituents 
of a complex, by specially directed variation and modification, for 
purposes of observation and judgment, are here almost entirely useless. 
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Onr description of the common sensations must, therefote, be incomplete 
and hypothetical. We can do no more than review their most familiar 
forms, and determine their presumptive elements. With this intention 
we will deal as briefly as possible with hunger and thirst, tickling, 
itchmg, tingling, and shivering, exertion and &tigue, the sensations 
attending the cardiac and respiratory activities, and physical well-being 
and its reverse. 

2. Hunger and thirst are the common sensations which more parti- 
cularly subserve the nutritive impulse. Their localisation is comparatively 
definite: hunger is usually referred to the interior of the body, and 
thirst to the buccal cavity. But the causes of their appearance, 
proximate and remote, are still obscure We may suppose that their 
localisation is correct, tjs., talhes with their penpheral origination, since 
thirst can be quenched, at least for the time being, by moistening the 
soft palate and the root of the tongue with citric or acetic add, and 
hunger has been removed by the direct introduction of food into the 
stomach through a fistula. The condition of thirst would thus appear 
to be a decrease of the amount of moisture in the mucxius membrane 
of the mouth. That the adds can generally quench thirst is due to 
their special action upon the secretion of the sahvary g^ds. The 
quality of the sensations noticeable in thirst must be regarded as 
cutaneous, and preponderantly as that of pressure (the tongue ‘ cleaves 
to the roof of the mouth’). But that some part is played by temperature 
sensations is shown by the weU known phenomenon of feverish thirst, 
which may rise to the point of pain. The proximate cause is again, 
m all probability, a drying of the mucous membrane, which thus loses 
m its power to conduct heat The conditions of hunger are more 
difficult to determine. It might be thought that continued inactivity 
of the muscular system of stomach and intestine would result m a state 
of stimulation giving rise to this complex of sensations More probable 
is the assumption that the formation of add, which takes place on an 
increased scale immediately alter the completion of digestion, acts as 
a stimulus upon the mucous membrane of the stomach, and so 
provokes hunger. On this theory the quality of the sensations involved 
would again be cutaneous. 

3. The second group of common sensations are also, undoubtedly, 
complexes of cutaneous sensations. Ttckhng is produced by weak 
and intermittent stimulation of the skin, or sometimes even by a mere 
light touch upon some part of it The rmpleasant factor in these 
sensations shows itself in reflex or voluntary movements of defence, 
rubbing of the stimulated area, etc. The expressive movement of 
laughter, which often accompanies tickling and stands in apparent 
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contradiction to the movements of repnlsion, is probably not the efiGsct 
of the common sensation but of feelings arising from the comicality 
of the situation. Itching appears (to the author and others) to be a 
complex of the same sensations as tickling, except that it generally 
arises from some mternal cutaneous change, without the operation of an 
external stimulus. We may accordingly suppose that the causes of these 
two common sensations are the same. And it seems reasonable to i ma gine 
that alterations of arculation are the proximate conditions of tickling 
and itching alike. It has been found that gentle pressure or blowing upon 
a portion of the skin is followed by a considerable increase of arterial 
blood pressure, while intensive and even painful stimulation is often 
unable to influence it in any way.* We may, therefore, believe that 
certain processes (not at present definable) in the vessels which supply 
the skin serve as the substrate of the cutaneous impressions of weak 
pressure, and espeaally of more or less vivid warmth, which occur in 
quick alternation in tickling and itching. The qualitative constituents 
of tingling, pricking, pins and needles,— complexes which are sensed 
in their full character during weak faradisation of the skin or the 
‘waking up’ of a limb which has ‘gone to sleep’,— are altogether 
similar, except that the special intenmttent sensations are stronger than 
they are in ticklmg. Here, again, we may refer the common sensation 
to exatations of the sensory cutaneous nerves, due to change m the 
metabolism of the tissue, ^ivenng and goose-flesh seem to originate 
in diffase excitations of the nerves of temperature, as certainly as fever- 
ishness and parchedness. They may all be ascribed, once more, to 
vasomotor changes. 

4. Exertion and fatigu* are qualitatively most nearly related to strain 
sensations and muscular sensations. Both are among the most familiar 
of common sensations to those who are intensively engaged upon 
physical or mental work. The peculiar sensations of this kmd, often 
passing the limit of pain, wluch are aroused by persistent mental ac- 
tivity, arc the result (1) of the continuance of a definite bodily position 
during a lung period of time, (2) of the unvarying accommodation and 
fixation of the eye, and (3) of involuntarily arising stram of the super- 
ficial muscles of the head. According to the general law that a 
nervous excitation of a given intensi^ can be produced either by an 
intensive stimulus of short duration or by a weak stimulus of long 
duration, we may assume that the continued action of the weak stimuh 
involved in such cases will in the long nm lead to these common 

> I hava abo noticed that when the blood 11 confined withm the finger bj a liga- 
tute round tho lowest joint, the •onntisHj' of the isolated phalanges for tickling la 
entirely destroyed 
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sensations just as iniailibly as a brief experience, say of the carrying 
of a heavy load. The common sensations which accompany alterations 
of the activi^ of the htart and of respiration are of a siimlar nature. 
Like most impressions of the same class, they become noticeable as a 
general ruk only when the stimuli are mtense and the disturbances 
they cause unpleasant, or when a change of some magnitude takes 
place in the organs which mediate them We are for the most part 
conscious only of the cutaneous sensations exated by the movements 
of heart or lungs, or of secondary phenomena connected with the 
greater or less degree of uniformity with which these organs supply 
the tissues. At the same time, the original sensations of strain and 
exhaustion in heart and lungs sometimes make themselves known in 
an unusually strong heart-beat and respuation. Lastly, the states 
which lead us to say that we are ‘all right’ or the contrary furnish a 
particularly good illustration of the ordinary vagueness of the common 
sensations: If we abstract from the feebngs of pleasantness and un- 
pleasantness, which are certainly of primary importance for both con- 
ditions, It 18 hardly possible to pomt with assurance to any group of 
definite sensations, to which the fedings are attached. 

5. So far, then, we have found no new qualities among the common 
sensations But this does not afifect the diversity of then total im- 
pression: spatial and temporal relations, the mtensity of the difiTerent 
qualities, and their coimection with feelings are sufficient to endow them 
with great variety. We now pass to the consideration of another 
common sensation, giddiness, which has lately come to be regarded 
as the function of a particular sense organ, that of the static sens*. 
This organ consists of the nervous apparatus of the vestibule and 
semicircular canals of the labynnth; and the nerve which conducts 
its excitations to the centre is the vestibular, one of the two main 
branches of the eighth cerebral nerve (cf. § 16. i). The vestibule is 
divided into two sacs, the one of which, the ntrlculus, communicates with 
the canals, while the other, the sacculus, is connected with the cochlea 
by the cochlear canal. In both divisions are certam small elevations, 
the maculae acusticae, mto which the nervous terminations penetrate, 
and from which they issue in the form of bristle-cells or hair-cells. 
A very delicate membrane rests upon these hairs and supports the 
otoliths, minute white oystals of carbonate of lime. The nervous 
stimulation is, in all probability, set iq> by a mechanical concussion 
of the points of the bristles in the endolymph. The fibres of the 
vestibular nerve which enter the canals teiminate in a very similar 
way. The canals themselves are three bent tubes, filled with endolymph, 
and placed at right angles to one another m the three planes of space. 
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Eadi of them u it leave* the vestibule swells out to fonn an ampulla, 
whidi contama the nerve endings. These again take the shape of fine 
bristles or hairs, projecting fimwise fix>m a ridge, the crista acustica, and 
covered with a delicate membrane. The excitation will, therefore, be 
a aimilar mechanical concussion of die Uqmd of the labjrrinth, such as 
sroukl be produced, t.g., by a movement of the head. 

6. It was formerly thought that the excitations of these organs had 
to do with hearing, and, in particular, with the perception of noise. 
Recently, an attempt has been made to use them for die explanation 
of our cognition of the direction fiom which a sound comes to us, t .* , 
to give them a functional significance as organs for the localisation 
of anditory stimuli But despite its apparent support by the spatial 
arrangement of the three canals, the hypothesis is exceedingly im- 
probable, for the reason that thmo is absolutely no proof of a um- 
formity of relation between the spatial positions of the sonnd-producmg 
body and the vanous pomts of excitation of the vestibular nerve. On 
the other hand, an alternative theory, which makes canals and vestibule 
the organ of a static sense, is steadily gaining ground. It embraces, 
however, two distinct views which are liable to be confused. The 
first IS, that the vestibular nerve endings constitute an organ for the 
maintenance of the bodily equilibrium; the second, that they mediate 
sensations, or more corr^irdy ideas, of rectihneal movement and rota- 
tion of the body, and espeoally of the head. The two hypotheses 
are not mutually exclusive, but they do not either necessarily imply 
one another. The condition of bodily equilibrium can be conceived 
of as regulated entirely by reflexes, without any participation of 
consciousness. And just as we should not think of making the constant 
arousal and government of the respiratory and cardiac activities dependent 
upon sensations, so we need not suppose that the sensory excitations 
proceeding from vestibule and canals efiect the delicate and accurate 
adjustments of the muscles of body or head, which maintam equihbnum 
in the most different movements and positions, simply and solely by 
way of sensation intermediaries. We must, therefore, separate the 
question of a reflex mechanism for equilibrium fiom that of special 
conscious processes due to the same bodily oigan. We shall find 
that the existence of the former is well attested, while that of specific 
sensations is still tub juditt. 

7. The result of (i) anatomical investigations has been to show that 
the principal connection of the vestibular nerve is with the cerebellum, 
although it also has a centre in the medulla oblongata. No path to 
the cerebral cortex has as yet been made out (2) A large number of 
physiological observations on animals have put it beyond question that 
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the canals constitute an important oigan for the mamtenance of equi- 
hbrium, exciting and sustaining a permanent muscular tonus, i>., a 
certain active tension of the muscular system. The more delicate and 
varied the functions of a particular muscle, the more completely subject 
it seems to be to this organ. (3) These facts obtain valuable support 
from pathology, from observations made on deaf-mutes. In a certain 
percentage of cases, the penpheral organ of the vestibular nerve is 
found to be destroyed as well as that of the cochlear A similar 
proportion of patients undergo characteristic disturbances of equilibrium 
when blindfolded. Many of them, also, show no trace of the ‘com- 
pensatory’ eye movements, which appear under normal conditions after 
rotation of the body, and which pomt to a reflex connection between 
the nerves supplying the muscles of the eyeball and sensory excitation of 
the vestibular terminations. (4) Lastly, Mach’s psychophysical experiments 
on the objective and subjective phenomena produced by passive rotation 
and rectilmeal forward movement of the body, render it probable that our 
judgment of the position and movement of the body is denved only 
in part from the indications afforded, eg., by the articular and cutaneous 
sensibihties and visual perception, and that there must be a special organ 
m the head afiected by change of position and acceleration of move- 
ment All these results, as we can see, furmsh evidence for the exis- 
tence of a reflex mechanism, the sensory portion of which is placed 
in canals or vestibule. The character of its penpheral excitation has 
been variously conceived. Some observers refer it to a concomitant 
movement of the endolymph, others to simple change of pressure m 
the endolymph, and others again to active ciliary movements of the 
hair-cells, which must meet with a difierent resistance from the water 
of the canals in accordance with the position and movements of the 
head. However this may be, the situation of these structures is such 
that an alteration of the position of the head can at once eflect a 
change in the excitation of the entire organ. 

8. But the question of the mediation of peculiar sensations by 
vestibule and canals does not admit of any such defimte answer. 
Animal vivisection, of course, leaves it entirely open,— all the more as 
the particular motor disturbances which follow removal or blocking of 
the canals or electrical and mechanical stimulation of the ampullary nerves 
appear with the same (or even greater) regularity after extirpation of 
the cerebrum as when the cortex is left intact Moreover, an impartial 
introspection of our non-visual ideas of bodily position and movement 
does not give any new sensation qualities besides the cutaneous, tendi- 
nous and articular. The only psychical process which appears to 
represent the activity of the organ in consciousness is that of giddineu. 
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whidi may aho make its appearance^ as we know, after rotation, in 
the form of ‘rotatory vertigo.’ But this process has sudi a variety of 
causes — it can arise, e^., without any movement of head or body — 
that it is dangerous to make it exclusively dependent upon an affection 
of the canals. It is difficult to say what the common element in 
sensations of giddiness is, when we have abstracted from the objective 
disturbance of the co-ordination of movements and its various con- 
comitant phenomena. If we descnbe it as ‘an illiisory perception of 
the spatial relations of our surroundmgs, ’ the specific character of the 
common sensation is left entirely unmentioned. The nature of the 
excitation in vestibule and ampuUs suggests that the sensations produced 
there may be regarded as pressure sensations; but, under ordinary 
circumstances, we do not appear to localise qualities of this kind in 
the neighbourhood of the organ. The argument that deaf-mutes are 
often found to be mcapable of sensations of giddmess is weakened by 
the consideration that mdividual differences in mclination or disposition 
to attacks of vertigo are normally very great We must, therefore, 
suspend our judgment with regard both to the origination of the common 
sensation and the possible quahties mediated by the ‘static sense.’ 
We shall return to the subject in brief when we are dealing with the 
idea of space (§ 62. 6). 
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Chapter III. The lirrBMsmr of Semsatioh. 

§ 34. The InteoBive Sensibility. 

1. The problems to be solved by the psycholc^ of sensation in 
connection with its second general property, that of intensity, are 
simpler than those presented in the sphere of quahty. We have not 
now, as in the previous Chapter, to devote most of our attention to 
the discrimination of a large number of conscious contents, each and 
all demanding special description and theoiy. Intensity is a more 
abstract sensation attribute, and can, therefore, be much more easily 
dealt with from general pomts of view, valid for all quahties alike. 
The difierences of numerical result which are naturally found agam 
in mtenuve senntivity and sensible discrimination do not affect this 
statement For in our consideration of the intensive sensible discrim- 
ination we shall come at once upon a general uniformity, which 
will be of great service in facihtating our survey of the lacts. And 
the differenc es which we shall discover m intensive sensibility, where 
they are not due to the incompaiabihty of determinations in vanous 
sense departments, find their explanation in certain peculiarities of the 
external sensory apparatus and not in the nature of particular quali- 
ties. We shall, therefore, be able, after a bnef discussion of the 
general problems and methods of this part of our subject, to give a 
simple tabulation of the most important results obtained for all the 
classes of sensation discussed in the foregoing Chapter. 

2. The mtensity of a sensation is an attribute of finite extent and 
one-dimensional character, defined by its ojqier and lower limifing 
values. The lower limiting value is that of the weakest or minimal 
sensation; the upper, that of the strongest or mammal. We can, 
again, give a numerical expression of these values only by translating 
them into terms of the stunuli which correspond to them. The just 
noticeable stimulus is, therefore, the equivalent of a sensation just 
dijKiiininaUe from no-sensation; and the Urminal ttimultu the equi* 
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valent of die strongest sensation, of one vhich is not susceptible 
of further intensilicatioa. As there are just noticeable sensation stunuli 
or stunulns limens in other connections than the intensive, we shall 
qieak in this Chapter of the intnuivt ttimulns limtn. The expression 
‘terminal stimulus’, on the other hand, has been restricted to denote 
the upper limit of sensation inten&ty. It is certainly possible to em- 
ploy it, hx^ in reference to die odier sensation attributes. Thus we 
might use the expression ‘qualitative terminal stimulus’, when we are 
giving the number of vibradons required for a perception of tonal 
quality incapable of further increase distinctness (cf. § 15. 4). And 
we might conceive of an ‘ extensive terminal stimulus,’ as marking the 
limit of comprehensibility of a spatial complex in the field of vision 
or of regard. But we need not attach any weight to these posabih- 
ties, since the terminal stimulus, in whatever reference it is meant, 
cannot be of very great importance. In the present connecUon of inten- 
sity, in particular, we must remain content with the name, and the 
belief that it corresponds to a fact: we are precluded from under- 
taking any qiedal or detailed investigation by regard for the mtegrity 
of the organ experimented on. The ordinary measure of sensibili^, 
m all the sense departments, is consequendy afforded by the stimulus 
hmen. The only other determination which yields useful results is 
that of relative sensibili^ by the method of stimulus comparison.— The 
sensible discrimination for intensities is also subjected to measurement. 
The methods employed are those of difference determination and 
difference comparison (cf f 6) In every case, the aspect of sti- 
mulus correlated with change of intensity m sensation is of great im- 
portance. We have no right at all to assume an exclusive functional 
relation between strength of stimulns and intensify of sensation. Sen- 
sation intensify is also dependent upon the temporal and spatial 
character of the stimulus. At the same time, the strength of stimulus 
bears a similar relation to intensify of sensation, as is borne by the 
adequacy of stimulus to its qualify. It accordingly furnishes us 
with the only means of a complete determination of sensitivity and 
sensible discnmination for intensify over their whole extent 

3. (i) Intensive senribilify m the sphere of aOantout sensations.— 
(a) The adequate stimulus for pruturt sensation is the presence upon 
the skin of some ponderable body. The intensify of the Sensation is 
dependent upon the weight of this body. The intensive sensibility is 
tested by the aid of thermally indifferent objects, •4'., small cork 
pellets. It has been found in this way by the method of stimulus 
determination that 6 varies within wide limits according to the part 
of the skin which is stimulated. Thus it is 2 mg. upon forehead. 
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nose, and cheeks, 5 mg. on hps, upper arm, and nape of the neck, lomg. on 
the fingers, and i g> on the nails. Moreover, the limen on the extrem- 
ities is somewhat lower over the whole left side of the body than over 
the right. The differences m these values are certainly more than the 
expression of a varying sensibihty in the cutaneous nerve endmgs- they 
point to the influence of the very considerable differences in the thick- 
ness and resistance of the epidermis. We do not know how &r th^ 
are referable to the special forms of nervous terminations in the skin 
(§ la 6). Another noteworthy fact is, that cold weights seem heavier 
than warm weights of the same magnitude. Its explanation must be 
looked for in the mechamcal effects of thermal stimuh upon the skin. 
We know nothing defimte about these: but it is not improbable that 
they are coimected with the dunmution of sensibility which is observed 
to accompany hyperemia, and the increase which attends anemia of 
a cutaneous area. (^) An examination of the intensive sensibili^ of 
temperatur* sensations presents peculiar difficulties, owing to the vana- 
bflity of the physiological zero-point and the uncertainty attaching to 
Its determinabon. We cannot at present make any positive statement 
of the magmtude of the just noticeable stimulus of heat and cold. 
Some measure of information is afforded, however, by the results of 
stimulus comparison in this department It has been ascertamed that 
the sensitivity for cold is on the whole greater than that for heat; 
that the increase or decrease of the two sensitivities at different parts 
of the body follows parallel hnes, that sensitivify in general is more 
weakly developed in the median line of the body than over its lateral 
surfaces; and that as a rule it increases from the penphery towards 
the trunk The explanation of these phenomena is afforded partly by 
the more frequent occurrence of cold spots, partly by the different 
conductivity of the epidermis, partly by variation in nervous and vascular 
supply, etc. Lastly, it is interesting to remark that temperature stimuli 
appear more intensive, the larger the cutaneous area which they affect 
A bowl of warm water seems warmer to the whole hand than when only 
a single finger is dipped into it Whether this fact is to be considered 
a summation effect, or is merely d^endent upon the different sensi- 
tivity of the different parts of the ddn, cannot at present be decided. 

4. (2) Intensive sensibility in the sphere of sensations of tattt and 
tmtU . — ^We have already seen (§§ 12, 13) that the adequate stimulus 
for these sensory quahbes cannot yet be defined in terms of physics 
or chemistry. The customary statements of the rdative quantities of 
gustatory or olfactory substances which constitute the stimulus limen 
are, therefore, of but doubtful value. For we are not justified in con- 
cluding from them that the sensitivity fiar the particular taste or smell 
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Stimuli is different Thus the assertion that a strychnine solution m the 
proportions of i : 2,000,000 is just noticeably bitter, or a saccharme 
solution of I : 200,000 just noticeably sweet, does not necessarily 
in^y ffiat the sensitivity ^ bitter is greater than that for sweet. We 
have no measure of bitter or sweet; so that the results possess simply 
an empirical value for pardcular known substances. Precisely the same 
holds of die sense of smell. It is true that the acuteness of taste and 
smell in different individuals can be compared in this way, and that 
such comparison will always be useful in clinical investigation. But 
it is more important for the psychologist to know that different parts 
of the tongue possess a different sensibihty. Unfortunately, there are 
no exact quantitative determinations of this fact (for which cf. § 12. 5) 
extant The intensi^ of gustatory sensation is further dependent, like 
that of temperature, upon the magmtude of the area excited. It can 
be increased by movement and pressure of the gustable substance 
within the buccal cavity. The intensity of olfoctory sensation is depen- 
dent upon the rapidity of respiration of the current of air charged 
with the olfactory substance Sensitivi^ seems also to be mcreased by 
a quick succession of inspiratory movements (‘sniffing’) 

5. (3) Intenmve sensibility in the sphere of auiitory sensations —The 
mtensity of a sound stimulus is represented by the amphtude of the 
vibrations or concussions occurring in the ordinary medium (atmospheric 
air) or in some moveable solid body, etc. This amphtude is merely 
the expression of the kinetic energy of the movement of the vibrating 
masses. We have no adequate objective method of ascertaining the 
intensity of the non-periodic and aperiodic concussions which form 
the substrate of simple or complex noises, independently of the state- 
ments of the observer whose sensibility we are testing. The pho- 
nometric determination ofsound intensity in psychophysical experiments 
is, therefore, usually carried out upon a pnnaple similar to that 
employed in photometry . the objective stimulus values in the apparatus 
employed, — say, dastic balls fallmg from a measurable height upon 
a resisting plate,— are determined by way of a subjective compa- 
rison. The results are, then, purely emjnncal, vahd only for the 
material used, the special circumstances of the observation, etc. Thus 
it has been found that a cork pellet of i mg. we^ht falling from a 
height of I mm. upon a glass plate at a distance of 91 mm. from 
the ear is just audible under favouiaUe external conditions. A siinilar 
attempt at an absolute determination for tones with a pipe of 181 
vibrations gave the amplitude of vibration of an air particle at the 
limiting distance (rf audi^^ as <700004 mm., and the mechanical worir 
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peifonned on the tympanic membtane as J kg®* This illustrates 

the extraordinary acuteness of hearing. On the whole, the sensitivity 
for tones appears somewhat greater than that for simple noises. This 
IS explicable on the assumption that a noise excites a large number 
of auditory fibres weakly, and a tone a small number relativdy strongly 
(§ 4> 5) Interesting is another fact of frequent observation,— that 

the sensitivity for high tones is, in general, greater than that for deep 
tones We are reminded, in this cormection, that the tympanic membrane 
in Its relaxed condition has a tone of its own, of some 700 vibrations, 
which necessarily becomes higher as the tension is mcreased; that the 
other sound-conducting portions of the middle ear possess high tones; 
and that the resonance tone of the tympanic cavity itself belongs to 
the upper region of the scale (§ 15. 5). We cannot here discuss 
pathological disturbances of the mtensive sensibility, which are eqiedally 
common in audition. 

6. No adequate test has been made of intensive sensibihtyin the 
sphere of organic sensations. The difficulties which it presents are, 
for the most part, due to the normal impossibihty of varying the sen- 
sations in isolation. Even the articular sensibility admits of intensive 
gradation (§ 22. 6) only to a very limited extent. 

A further interesting question which falls under the rubric of intensive 
sensibility is that of the waxing and waning, or the ru$ and fall of 
sensations. The quahties of the difierent senses show pecuhar dif- 
ferences in this regard. A sensation of temperature, taste, or smell, 
attains only gradually to an intensity corresponding to the intensity 
of the given stimulus, whereas a sensation of pressure or hearing seems 
to reach its maximum at once The same thing holds for the disappear- 
ance of sensation. The difference must be referred not to the spedal 
nature of the nervous process, but to difference m the mode of stimulus 
transmission. The epidermis is a poor conductor of heat, so that a 
temperature stimulus must act for a certain length of tune before it 
can produce its effect upon the terminal nervous apparatus, while the 
exatation cannot either disappear at the movement of the removal 
of the stimulus. And the purely mechanical transmission of pressure 
to the skin or of sound through the auditory organ renders possible 
an apparently instantaneous origination and evanishment of the cor- 
responding sensations. On the other hand, the transmission of a 
taste or smell stimulus to the organ which it is adequate to excite 
must be conceived of as retarded by circumstances of which we are 
stall ignorant 

We saw above that a quantitative determination of the itrminal 
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thmultu was impossible. We should not, perhaps, go very &r wrong 
if we made the i^>pearance of pain the criterion of maximal sensation 
intansi^. At least, the quality of a sensation generally becomes more 
or less seiionsly binned at this pamt 

f. aS. The Intensive Sensible Discrimination. 

1. The principal problem which we attempted to solve by the aid 
of sensible discrimination in the sphere of sensation quality was that 
of the number of distinguishable quahties within a given sense depart- 
ment The nature of the functional relation which we might there 
find obtaining between qualitative change in sensation and its equi- 
valent change in stimulus was in itself indifferent to our inquiry. 
And we found, as a matter of fact, that die relation took on very different 
forms: far tone sensations, there was a constancy of the absolute 
sensible discrimination within certain limits, beyond which it decreased, 
but not in such a way that we could formulate a defimte law, valid 
for any considerable portion of the sensation scale; for visual sensa- 
tions of brightness, a constancy of tiie relative sensible discrimination 
within certain limits, bi^ond which it decreased ; and for visual sensa- 
tions of colour, a variation of the absolute sensible discrimination 
between high and low limits, with an irregular distribution of its values. 
It seemed inadvisable to draw theoretical conclusions from these differences 
of result, until we had arrived at some positive idea of the nervous 
processes oonesponding to the changes in sensation. On our original 
definition of quality, a disciiminabihty of qualities was equivalent to 
the discovery of sqiarate sensations; and for each particular quality 
we required a particular structure or function in the sensory organs. 
The laws of qualitative sensible discrimination, therefore, were valuable 
for a theory ^ sensation in general: they pointed out the way, so to 
speak, which we should follow in order to attam to a general theory. 
But there was, plainly, no special problem involved in the functional 
relation between sensation change and stimulus change We had 
simpty to suppose that every noticeable stimulus change must be 
paralleled by a difference in the nervous process underlying sensation, 
a difference obtained, perhaps, by the aid of qiedfic, penpheral terminal 
structures in the service of perception. In the different theories of 
visual sensation, t.g., we can trace the effort made to take adequate 
account of tiie acknowledged differences of the simple qualities. That 
done, the relations between stimulus and sensation, wUch experiment 
has established, are at once explained, or, at least, described. 

2. The case is different with the intensive sensible discrimination. 
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For when we attempt to mark off die separate degrees of intensitjr of 
a sensation, we are always occupied with the same quality; and the 
functional relation which we find to hold as between sensation intensity 
and stimnhis intensity is then a special problem reqmring special 
explanation. We might, here again, seek to determine how many 
distinguishable intensities exist between stimulus limen and terminal 
stimulus. But to use the uniformity of sensible discrimination for the 
purposes of such a calculation would render us no material assistance, 
(i) The number is of no interest, because we are unable to give any 
absolute description or definition of the particular degrees of intensity, 
at least over so wide a range of variation. (2) The discreteness of 
these degrees might suggest or even demand the misleading hypothesis 
that the continuous alterations of stimulus intensity are paralleled by 
a discontinuous series of intensities of sensation. This view obviously 
implies a definite interpretation of the facta, which has no place at 
the outset of an inquiry. When we were dealing witii analogous 
phenomena in our discussion of the qualities of vision and audition, 
we took especial care not to adopt a hypothesis of the kind, whether 
as the only possible, or as the correct expression of our results. We 
spoke simply of the number (tf iuHngmshablt qualities, and made no 
attempt to decide whether this number should be regarded at the 
same time as that of the iensiUe qualities' (cfi § I5> 3> 4; § >8 
5 ; § 19. 4). This very question forms the central point of a most difficult 
controversy, which we shall have to mention later (§ 26). (3) The 
calculation of die number of distinguishable degrees of intensity of a 
sensation does not lead to any theoretical conclusions worthy of notice. 
If we find that 300 degrees of intensity can, tmder favorable conditions, 
be distinguished within a definite sensation quality, bom stimulus 
limen to terminal stimulus, we can easily explain the £act by supposing 
that the different degrees of intensity of the equivalent nervous exci- 
tation can reach as high a number. So that, in the case of intensive 
sensible discrimination, it is the course of discrimination, i.*., its 
uniform relation to stimulus, which is the real object of investigation. 
And when we find authors speaking in absolute terms of the relation 
between stimulus and sensation, where they are really referring only 
to the intensive sensible discrimination, we can explain the phraseology 
by the particular interest attaching to this relation in this special 
department of inquiry. — The question, then, which we have to answer 
here, is : what is the increase of sensation reported by sensible discri- 
mination when we increase the Directive intensity of die stimulus? 


1 In all prababOilj, qnabUtiTe 
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We win fint glance briefly at the fects, and then proceed in the next 
Section to then theoretical discussion. 

3. (i) Intensive sensible discrimination in the sphere of nUantota 
sensations.— (a) Experiments can be made rqpon prumn sensations in 
two ways. Weights may be either simply placed upon die portion of 
die skin to be examined, as in investigations of sensibihty (cf. die 
eqxisition of the methods in §§ 7. 8), or their application may be 
regulated by a special apparatus (most serviceably constructed on the 
principle of die balance). It is best that the weights to be compared 
dionld be laid successivdy on the same cutaneous area at suitable, 
r^ular intervals. The simultaneous affection of different parts of the 
dun complicates the method by the necessity of compensation of 
differences in sensibility, and seems, also, to increase the difficulty of 
comparison,— probably by way of dividing die attention. Sensible 
discrimination has accordingly always proved to be somewhat less in 
this case dum when the same cutaneous area has been stimulated 
successively. It is best, again, to make the area of application of the 
stimulus weight as small as possible. With a greater extent of stimu- 
1ns the sensible discrimination is liable to variation, due both to changes 
in sendbdity, which differs very considerably even as between closely 
neighbouring parts of the sidn, and to die uneven, more or less rounded 
character of the cutaneous surface. A test of intensive sensible dis- 
crimination at the pressure spots, which possess a maximal smidbihty, 
would be extremely valuable; but no systematic investigation of them 
has yet been carried out The experiments made hitherto refer either 
to the course of sensible discrimination with increasing stimulus, or to 
its dependency upon die place of stimulation. In the former connection, 
the relative sensible discmnination has been proved to be constant 
within the limits set by weights of 50 and 2000 g. With an area of 
.S 

contact of i mm. diameter, the difference limenr-- on the index finger of 

the right hand was to Vs- With an area of contact of 7 mm. diameter, 
S 

smisible discrimination fell to — <= to For we^hts smaller 
than 50 g., the relative sensible discrimination was less (t.«., the quotient 
S S 

— greater), and for weights larger than 2000 g., greater (i.#., — 

smaller). The dependency of sensible disciimination on the {dace of 
stimulation has not been examined by an unexceptionable method. 
The same initial pressure has been used for bodi cff the compared 
areas, and no attention paid to its different value for sensation, (b) 
Sensible discrimination in the sphere of ttmpnaturt sensations can be 
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tested eidser by phinging the cutaneous area to be examined into a 
liquid, whose temperature is detenninable with an accuracy of less 
than Cels., or by bnnging it into contact with bodies which are 
good conductors of heat The procedure of successive stimulation of the 
same surface has, again, given better results than that of simultaneous 
excitation of difterent areas. The sensible discninination for degrees 
of temperature has always been found to be greatest with nonnal stimuh 
of 27® to 33® C. (where S=iV®) Beyond these limits, it decreases, 
at first slowly (to 14® below and 39® above), then more quickly. 
There can plainly be no question, therefore, of a constancy of the sen- 
sible discnmination, whether absolute or relative. We can only say that 
it IS greatest in the neighbourhood of the physiological zeropoint; and 
as this hes, as a rule, ahttleabove33® (§ 11.2), that it is better in its judg- 
ment of divergences fiom the zeropomtin the direction of cold, than of those 
in the opposite direction, — a fact of obvious teleological significance. It 
must be fiirther remarked that noticeably cold or hot stimuli blunt the 
nervous exatabihty. The dependency of sensible discnmination upon 
the place of stimulation appears to run parallel to that of sensibility. 

4. (2) Intensive sensible discnmination in the sphere of sensations 
of /atU . — While no investigation at all, under this rubric, has been 
made upon sensations of sm*//, but very httle, and that inadequate, 
has been done for those of /ax/«. Smce a real comparison of the 
different quahties is out of the question (for the reasons alleged in 
§ 24 4), we could do no more than make a separate inquiry for each 
quahty mto the empirical course of sensible discrimination as depen- 
dent upon the degree of saturation of the gustable solution. Even 
this determination would remain problematical, as long as our ignorance 
of the physical or chemical meaning of ‘gustable’ continued. 

(3) Intensive sensible discrimination m the sphere of auditory 
sensations. — (a) Experiments upon tonal intensities, which might be 
suggested by the relative simpliaty of the physical conditions of the 
sensation, and, more especially, by the approximate constancy of its 
quality, are very few in number, the reason being that the necessary 
quantitative gradation of the objective intensity of simple periodic 
vibrations presents great difiBculbes Occasional tests have given a 
constancy of the relative sensible discrimination ; but we know nothing 
positively of the limits of this constancy or the magnitude of the 
relative S. { 6 ) Investigations of the intensities of nottt, on the other 
hand, — although these carmot be considered to attach to simple 
qualities, which do not alter with increase of intensity,— have demonstrated 
the constancy of the relative sensible discrimination withm wide lirmts. 
by the procedures of difference determination and difference comparison. 
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— is approxiouitely The method of right and wrong cases has been 
employed in addition to that ot minimal changes, and die constancy 
of the prodoot i.r shows that the delicacy of the relative sensible 
discrimination also remains unchanged within wide limits. 

5. (4) Intensive sensible discrimination in the sphere of organic 
sensations. — We cannot attribute any great possibility of intensive 
gradation to the articular sensations. They need hardly be considered 
in connection widi the intensive sensible discnmination. On the other 
hand, the stram sensations, which in all probability are aroused by 
sensory excitations in the tendinous nerves, are shown by facts of 
ordinary experience to be quite capable of intensive gradation to an 
extent sufficient for experimental purposes. E. H. Weber noticed that 
the sensible discrimination for lifted weights was about twice as great 
as that fcnr intensities of pressure, and argued from this foct to the 
existence of a special ‘muscle sense’. Smce Weber’s time elaborate 
series of experiments on the comparison of lifted weights have been 
made, in particular by Fechner, according to the method of right and 
wrong cases. They have given an approximate constancy of the 
relative delicacy and magnitude of sensible discrimmation within certain 
hmits, both for successive lifting with one arm and for simultaneous 
lifting with the two arms. Sensible discrimination is appreciably greater 
in the former case than in the latter (cf. the result obtained for pres- 
sure intensities' 3 above). The hmits of constancy of the relative 
sensible discrirm'nation are {qiproximately set by the values 300 and 
S 

3,000 g. — is A A; sometimes even less This direct estunation 
of the heaviness of lifted weights, in terms of the intensity of the 
stram sensations caused by their downward pull, is often employed 
on every day occasions when we are comparing the portableness of 
objects in common use. There is also possible an indirect judgment, 
to which we have recourse when the lifting is done qrnckly and the 
procedure without knowledge rigidly followed It is based upon the 
greater or less velocity of the lifting movement As a general rule, 
the hghter the weight, the more quickly is it raised, — a definite impulse 
to movement being presupposed. Experiments upon predisposition 
(S 5- 7» 8) have brought out the significance of this indirect criterion 
with great dearness. Its applicability plainly involves the presence of 
a certam motor predisposition to a light or heavy weight. So that 
the more effectually the tendency to predisposition is checked, the 
leas important is the part played by this secondary criterion. Conversely, 
its application may lead to a serious deception of judgment, since the 
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over or under estimation of the lifted weight will be proportional to 
the magnitude of the impulse to which the ann has been predisposed 
bj the foregoing experiments. The same effect can also be produced 
voluntarily, by the brace tahen in preparation for a heavy weight, 
the intensify of the preparation shows itself in that of the stiam 
sensations aiismg from the active contraction of the muscles. It 
follows that an exact comparison of the stram sensations aroused by 
the stimulus is possible only when die arm is allowed to hang down, 
motionless and relaxed, and tiie weights to be compared are properly 
attached to it while in that position Attempts to test the sensible 
discnmination of the ‘muscle sense’ by active pressure against a 
resistance of variable intensity, such as a spring, are so ambiguous, 
that we cannot devote qiace to them here. 

§ a6. Weber’s Law. 

1. This brief survey of the facts of the intensive sensible discrim- 
ination shows clearly enough the recurrence of one defimte uniform- 
ity throughout the various sense departments With pressure, auditory, 
and strain sensations we find, within fairly wide limits, a constancy 
of the relative sensible discrimination. When we remember (i) that 
the question of the vahdity of this law in the sphere of taste and 
smell is still entirely open, (2) that temperature sensations are peculi- 
arly situated (physiological zero-point, etc.), and that nothing positive 
can at present be said as to whether or not they form an exception 
to it, and (3) that the same rule holds for the sensible discrimination 
of intensities of light, we cannot hesitate to affirm that the constancy 
of tile relative sensible discrimination for stimulus intensities is the 
expression of a general law. Fechner named it ‘Weber’s law’, because 
E H. Weber was the first to call attention to its ffir-reaching signifi- 
cance. We cannot here do more than briefly summarise the numerous 
discussions to which Weber’s law has given rise. We have already 
met the fundamental objection urged against the measurability of 
sensation (§ 6), and will only remark now that the functional relation 
between subjectively compared and objectively measured stimulus inten- 
sities is capable of several difterent interpretations, and that the 
customary classification of explanations of Weber’s law as physiologi- 
cal, psychological, and psychophysical is quite rough, each type readily 
adrmtting of further subdivision For it is evident that the fact of 
Weber’s law simply asserts a relation between stimuli and reports of 
the sensations excited by them, and that between these extremes 
there lies a whole series of mediating processes, all of which, theor- 
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etically considered, may co-operate to give the relation its special 
character. The restriction of ^eoiy, hitherto, therefore, to a psycho- 
logical, psychophysical, and physiological interpretation of the law, has 
led to the setting up of merely classiiicatoiy rubrics (except in the 
special case of psychophysics, where only one fonn of explanation is 
conceivable), which may cover very different concrete opinions. 

2. E H Weber regarded the existence cS. the law which has 
received its name from him as an mteresting psychological &ct (i) 
Fechner, on the other hand gave it a ptyckophystcal significance, and 
maintained this position in various discussions with the representatives 
of opposing views. He makes the law an expression of the quantita- 
tive interrelation of physical and psychical magnitudes. Within die 
physical world and withm the psychical the law of simple proportion- 
ality obtains: but the relation which the two worlds bear to each 
other is more complicated. In order to obtain an exact formulation 
of this relation, Fechner assumes that equally noticeable sensation 
differences (all just noticeable differences, €g., or all subjectively equal 
supraliminal differences found by the method of difference compari- 
son) are equal magnitudes, or form equal mcrements of a given sen- 
sation intensity. That is to say, equal absolute sensation differences 
(A £<) ’ correspond to equal stimulus ratios or equal relative stimnlus 

differences have 

(1) 

where C is a constant, regarded as dependent upon the quality of the 
stimulus, etc. If sensation itself is to be expressed as a function of 
stimulus, the equation (i) must be changed into a differential equation 
and then integrated We thus obtain the fundamental formula: 

( 2 ) 

and by integration 

B = C. log r t. 

The integration constant c can be determined from the feet that, 
when the stimulus becomes limmal, E = o. If we denote the sti- 
mulus hmen by g, 

o = a log g + e, or 
— c = C log p, 

from which we obtain the measurement formula: 

(3) E = C (log r — log g): 

sensation increases proportionately to the logarithm of stimulus. This 

1 jff = Bmpfindntg, Muatioii. 
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foTmuIa, which is not a necessary consequence of Weber’s law, is 
termed Fechntt’s law or the ptychophystc law. It is really vahd for 
the relation of sensation to central nervous excitation, for the two 
directly parallel psychical and physical magmtudes This cannot be 
explained it is a fundamental fact. On the other hand, it is only 
approximately vahd for the relation of stimulus to sensation, of which 
it was primanly intended as the mnpmcal expression : only, i.«., where 
stimulus and central nervous excitation are proporhonaL That this 
proporbonahty does not hold outside of certain limits is shown by the 
upper and lower deviations from Weber’s law. Fechner is thus com- 
pelled to make the assertion, that m external psychophysics, which 
exhibits the relation of sensation to stimulus, all manner of physiological 
conditions interfere to prevent an exact verification of his law; but 
that m internal psychophysics it holds serene and imdisputed sway, mani- 
fested in particular in the adjuvant and mhibitory effects of attention. 
Having adduced this positive argument, Fechner is content to meet the 
physiological explanation of Weber’s law with a simple mdication of the 
inconceivability of a logarithmic dependency between physical magmtudes. 

3. (2) The chief representative of the phynologtcal inteipretabon of 
the law is G. E. Mailer. Hitherto, this mteipretation has generally 
found its expression in the view that Weber’s law gives the relation 
of stimulus to the central nervous excitation, which is duectly propor- 
tional to sensation; although it might equally well substitute for this 
correlation that of stunulus and peripheral nervous exatahon, or sti- 
mulus and any other member of the total senes of nervous processes. 
No direct and irrefiugable proof of the existence of any such physio- 
logical uniformity has as yet been brought. But it is well within the 
range of possibihbes, and there are enough corroborative facts of 
nervous physiology to raise it at least above the level of mere speculation 
We know, in the first place, that weak stimuli mcrease the exdtabihty 
of nervous substance, and that strong stimuli diminish it. We may, 
therefore, suppose that it remains constant withm certain limits We 
know again, that the nervous centres offer a resistance to the propa- 
gation of an excitation, which can be overcome only by frequent 
repetition, long duration, or high intensity of stimulation. And we 
know lastly, that a peripherally originated nervous exatabon may take 
different paths withm the central organs, and that the area of its 
dispersal is probably proportional to its intensity. Thus a brilliant 
light gives nse to a leflex closure of the hds, as well as to a visual 
sensabon, and a sudden, loud noise is not only heard, but answered 
with the start of surprise which involves the entire body. It can be 
shown that in cases like these the sensabon does not come first and 
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came the movementB, but that they appear simultaneously with or even 
noticeably earlier than the sensation. The whole eatery of mvoluntary 
motor phenomena consequent upon sensory stimulation is evidence that 
the effects of stimulus upon the nervous ^tem are manifold, and that 
only a fraction of frie physical energy transformed into a sensory ex- 
dtadon is used for the central nervous process correlated with sensa- 
tion. If we assume, that this fraction always bears the same relation 
to the magnitude of the stimulus, we obtain Weber’s law. The upper 
and lower deviations from i^ and the fret of the stimulus hmen could 
then be explained partly by reference to the variations m excitabihty 
mentioned above, partly by the resistance offered within the central 
organs, and partly by the consideration that certain weak excitations, 
such as the idio-rcUnal light, appear to be constantly mamtained as 
a result of internal stimulation. 

4* ( 3 ) (^) psychological explanation of Weber's law, of which 
W. Wnndt is the pnncipal representative, also assumes that sensation 
and central nervous exatation are directly proportional, but asserts 
further that both are proportional to the intensity of stimulus. It, 
therefore, refers the fr^ embraced by Weber’s law to the process 
of comparison of sensations or sensation differences. Equally notice- 
able sensation differences, which tiie physiological theory can inter- 
pret most simply, with the psychophjrsica], as equal magiutudes, are 
here regarded as differences which represent the same value for our 
comparison. Equation (i) is consequently r^arded not la the light of 
the dtffertmc* l^pothcsu (which makes equal absolute sensation differences 
correspond to equal relative stimulus differences), but m that of a rsleUton 
hypothesis (which makes equal relative sensation differences coix'-^pond 
to equal relative stimulus differences), and accordingly writter 



This psychological explanation is based upon the general psycho- 
logical fret that we do not possess an absolute measure of the intensity 
of our conscious processes, but can measure them only by one another. 
t.t., by comparing the intensity, say, of a sensation, with that of 
another present at the moment This fret is designated by Wimdt 
a general law of relativity Weber’s law thus becomes merely a 
special case of the wider uniformity, which manifests itself in our 
inability to transcend a relative estimation of intensity, extension, and 
duration in other connections, <.g., in the mvestigation of the feelings 
and of temporal and spatial magnitudes. And since, further, the 
principal part in all comparison is played by attention or appercep- 
hon (§ J2. 4, etc.X Weber’s law becomes for Wundt an expression of 
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the relation of stimulos (or sensation) intensity to apperception. (6) 
The p^chological interpretation may, however, assume a different 
form, — m which it is represented by ^ehen. On his view, Weber’s law 
is a law of association. The ideas of * greater’ and ‘ less’ are assodatively 
connected with the strong;er and weaker sensation. Not every sensation 
difference reproduces such an idea, but only a difference which stands 
in a definite relation to the absolute sensation intensity. Weber’s law 
may therefore be written as follows: two or more sensation differences 
reproduce the same judgment ‘different’, when the rdative stimulus 
differences corresponding to them are equal. 

5. The most improbable of all these interpretations is, evidently, 
the psychophysical. Its basal assumption of the equal magnitude of 
equally noticeable sensation differences is exceedingly precarious. The 
pomt is wholly missed that the relabon obtaining between sensation 
and the account given of sensation is too complicated to admit of 
our entertaining any hope of sensation measurement. And no ex- 
planation is given of the form of dependency expressed by Weber’s 
law, other than an arbitrary and undemonstrable assertion that it is 
a remarkable fundamental fact Indeed, it is not too much to say 
that psychology has given her final verdict in the case of Fechner’s 
law. While we cannot deny the importance of the underlying idea 
of a functional relation between pqrchical and physical phenomena, 
we cannot admit the necessity of a logarithmic proportion in this 
relation or the validity of the met^hysical reflection which suggested 
It The many differences in the obsmved &cts, and the limited range 
over which experiment has proved Weber’s law to hold have not re- 
ceived their due share of attention, and the assumption of extraneous 
influences preventmg an exact verification of the law in external psy- 
chophysics is inadequate to its task The two other interpretations 
are preferable to the psychophysical, in that they attempt to furnish 
a real explanation by bringing Weber’s law into coimection with 
known fiw:ts of physiology or psychology. The physiological view 
has the advantage of the psychological in its abihty to meet parti- 
cular facts with particular explanations; the psychological has the 
advantage of the physiological in its expliat recognition of the peculiar 
relabons involved in the comparison of sensations. It is obvious that 
the psychological theory does not exclude a physiological, since the 
central nervous processes which run parallel to apperception or asso- 
ciation must stand to die physical processes running parallel to sen- 
sations in the relation required by the law. It is, probably, too early 
to attempt a decision. The more generally Weber’s law is confirmed 
in cases of quantitative comparison of consaous processes, the greater 
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will be the likelihood of the psychological inteipretation. On the 
other hand, the more limited the domain within which the law is 
found to apply, the greater will be the reason for the adoption of 
the physiological explanation with its adaptability to the individual foct. 

6. The question of the psycholc^cal significance of Weber’s law 
is quite different from that of its inteipretation. We have spoken 
more than once of the connection between memory and the laws of 
sensible discrimination (cf. § 15. i; § 18. i, 5). The recognition 
of sense impressions we have seen to be dependent not upon their 
absolute but upon their relative likeness. It is for this reason that 
a musical composition may be rendered without suffering any con- 
siderable change not only by orchestras or choirs of different strength, 
but even upon the piano, the dynaimc capacities of which fall very 
far short of orchestral production It is for this reason that we can 
orientate ourselves in our surroundmgs with approximately equal 
facih^ under very different conditions of illumination: the equal 
relative bnghtnen differences are taken to be equally great It is 
for this reason that a landscape paintmg does not displease the eye, 
but may even deceive it by produang an illusion of reality And it 
is for the same reason that our memory of something seen or heard 
may be extremely accurate although the absolute mtensities of the 
impressions are altogether impossible of reproduction. All this is 
evidence of the importance and pniposiveness of Weber’s law m 
our daily life. The thought accordingly suggests itself that a law of its 
character, a rule of perception, must have been developed in the 
course of orgamc evolution, and, as a matter of fact, expenments on 
the lowest organisms have given a similar formulation of their reaction 
i:qx>n external stimuli. This result does not do away with the need of a 
detailed explanation, but it at least sets the law in the perspective of a 
genetic treatment We must be especially careful, however, to avoid 
supposing that observations on the sensitivity of lower orgarusms to stimuh 
prove the correctness of the physiological theory of Weber’s law, because, 
*.g., these creatures are unable to compare and to judge. Weber’s law is 
the law of a relation between stimulus and judgment and not of one between 
stimulus and reactive movement; and the difference between the organic 
processes in a differentiated nervous system and a homogeneous 
protoplasmic mass is too great to allow of translation of one mto 
the other, or of inference from the protozoon to ourselves. 

Litentme: 

J. Delboeof : Examen cnti^pu de la l«t ptychophystipu, 1883. 

A. Giotenfelt : Dot Webtr’sche and du psycfasche SelatnttSt, 1888. 

Cf. alio the teferencei given in §§ 6, 10 — *3. 



B. CENTRALLY EXCITED SENSATIONS. 

Chapter IV. RKPRODUcnoM and Association. 

S 97. Memory, Imagination, Reproduction. 

I. The guidance afforded us in our discussion of penpherally 
ezated sensations by the existence of adequate stunuh is not continued 
in the present Section. A special investigation of the nature of 
centrally ezated sensations is, therefore, exceedingly difficult And 
the stumbling blocks which beset the path of mquiry enable us to 
understand how it is that all the tenns employed to designate the 
phenomena, some of the commonest of which are named in the 
heading of this paragraph, are still loosely defined and variously applied. 
We must, therefore, begm by clearly stating the problems, pnnaples, 
and concepts, with which such an inquiry has to deal. What 
partially replaces the guidance previously furnished by stimuli is 
really a dogma, which we may formulate, almost in the words of a 
famous philosophical dictum, as follows; nihil est in memoiia, quod 
non pnus fuent in sensu. In our own tenmnology the prc^iosition 
would run: there is no centrally excited sensation which has not 
previously been peripherally excited. The English philosophy and 
psychology have declared with a persistency which has given repeated 
assertion the appearance of axiomatic truth that memorial images 
are of the same kind as perceptions, only weaker — with the occasional 
addition that fancy images are in their turn weaker than memorial. 
A proposition like this obviously makes it superfluous to undertake 
an especial investigation, at any rate of the quahty of centrally 
excited sensations. But its correctness has never been demonstrated, 
and its constant assumption has perhaps done as much as anything 
else to render this department of psjrchology barren and schematic. 
We shall enter upon its examination in detail in the next Section: 
first of an we will attempt a critical estimate of the value of the 

i6» 
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concepts of memoiy, imagination, reproduction, etc^ and of their 
correspondence with the tacbL 

2. The fact implied in the terms numoty and nprniuciion, and m 
part also in ntolUetion, is simply this: that an impression which has 
been produced in the past by a particular stimulus does not disappear 
outright with the cessation of that stimulus, but is somehow conserved, 
and, under certain conditions, has the power of again becommg a 
noticeable part of consdons contents, without any renewal of the original 
peripheral stimulation. We often explicitly recognise it on its reap- 
pearance as the same impression, and are frequently able to describe 
the circumstances of its original production. From these &cts it is con- 
jectured that even in the not very uncommon cases where there is 
no ncogntttoH, general or special, the centrally ezdted sensations are 
still merely ‘reproductions,’ ‘memorial’ or ‘fancy images’ of previous 
penpherally exdted sensations. If we abstract from the metaphysical 
ideas which have dustered round the phenomena (one theory consigns 
the images to the care of an unconsdous mind, another makes the 
brain deposit its sensory exdtations in particular ganglion cells), we 
have in this view a generalisation of ezpenences of whose reahty 
there can be no doubt The word ‘memory’ lays particular stress 
upon the latency of the ‘conserved’ impressions; ‘reproduction’ and 
‘recollection’ upon their recunmice in consdousness. Imaginahon 
differs from all three m admitting the possibility of a dissimilanty 
between the peripherally and centrally exated contents. The fancy 
image is, in a certain measure, somethmg new, not a mere copy of a 
foregone perception. The activity of memory is reproductive that of 
fancy or imagination seems m contrast to it to be productive, creative. 
What is ordinarily regarded as new m imagmation, however, is not 
the occurrence of peculiar elementary quahties, which have never made 
their appearance in peripherally exdted sensation, but simply the 
arrangement or cormection of consdous dements, already given in 
sense perception This hypothesis, again, has its exdusive factual 
support m the frequent recurrence of a recogmtion of the elements. 
Memoiy, then, as the storehouse of penpherally excited impressions, 
IS the root both of recollection and imagmation, but while recollec- 
tion repeats the connection which obtained between the dements of 
a perception, imagination arranges them with some degree of freedom. 

3. It is evident that the psychological processes comprehended 
imder these terms are all centrally exdted sensations, and that the 
function of the terms is to fix and descnbe their relation to sensations 
peripherally exdted. Recognition, which acts as mtermediaiy, appears 
to be simply a special function of the sensible discrimination. When 
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we are comparing peripherally exdted sensations with one another, 
we determine their quahtative likeness or diderence And recognition 
merely covers the special cases m which a centrally excited sensation 
is judged to be qualitatively identical with another sensation, peripherally 
exated on some former occasion. But the matter is really not so 
simple, (i) We are ordinarily unable to institute a direct comparison 
of memorial image with perception. Even though comparison be 
possible, it is rendered exceedmgly difficult by the great differences m 
intensity, duration or extension. (2) Apart from this, however, the 
conditions are as unfavourable to comparison as they well can be. 
In all other instances of the investigation of the sensible discrinuna- 
tion foi successive stimuli, we take care that only a few seconds shall 
elapse between the compared impressions, and attempt to limit the 
number of judgments of equahty by all kinds of variation of experimental 
conditions and stimulus magnitudes. Here, on the other hand, the 
interval between peripherally excited and reproduced sensation may 
be of any length, and an exact gradation of the objects of comparison 
or isolated variation of their conditions is out of the question. We 
can, therefore, understand why it is that recogmtion as a general rule 
refers not to a memorial image, but to a perception, which is judged 
to be equal or similar to a previous impression penpheraUy exated. 
Now in the view of certain physiologists, and in particular of Munk, this 
fact can be explained only on the assumption that the memorial 
image of such a previous impression is reproduced When, tg., we 
judge a colour to be of a funiliar quahty, the process involved is 
that of the reproduction of the same colour as previously seen. This 
recognition would, accordingly, be a simple reversal of the case 
descnbed above; the comparison is seemingly instituted between a 
given peripheral impression and a memorial image called up by it. 

4. We are thus led to the special problem of the process of 
recognition itself. Recognition may take place in two veiy different 
ways . either in the form of a judgment, general or particular, expres- 
sive of familiarity with an object or an occtnrence, without a reproduction 
of the sensations involved m its previous perception; or by the 
intermediation of reproduced sensations, which connect with the object 
of present perception or ideation, and repeat certain circumstances of 
the onginal situation. The first is dtnct, the second tndmct recognition. 
The reproduction of memory images which correspond to the previous 
perception and represent it with more or less of fidelity seems to occur 
but seldom.* Direct recognition has recently come to receive tbs 

1 m* i| my own ezpenence. And I cannot but think that it mart bo the ezpenence 
oi othen, although loprodnction u m often made the difftrtniia of ncognitwa in 
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attention which it deserves, and a theory has been propounded that 
a ‘ quality of knownness ’ attaches to immediately recognised sensations. 
It is true that such a theory merely introduces a new word, instead 
of proceeding by way of careful analysis and detailed explanation — a 
word, moreover, which may very well carry with it the erroneous 
suggestion that familiar ideas as such possess a peculiar attribute, t.«., 
th^ of familiarity but at least it admits by unphcation that a judgment 
of £uniliarity can be passed without the intermediation of particular 
memorial images, and thus raises the question of the real basis of this 
judgment. In our own view, its foundation consists (i) m the especial 
effectiveness for central excitation of fomiliar impressions or memorial 
images, and (2) in the characteristic mood which they ordinarily mduce, 
and which embraces both pleasurable (or at least comfortable) affective 
states and the corresponding oiganic sensations. 

5. (i) No argument is required to prove that the effectiveness of the 
known for central exatation is essentially different from that of the 
unknown. While the former more or less quickly arouses the most 
various local, temporal, conceptual, etc. ideas, showing all degrees of 
relation to the perceived or remembered impression, the unknown 
stands in isolation, and can be brought into connection with our exist- 
ing mental furniture only by defimte judgments of reference and com- 
parison Of course, for the developed consciousness there is hardly 
any such thing as an absolutely unknown. Some concept or other 
will always admit of application to the impression, however novel; or, 
m psychological phraseology, every sensation will reproduce at least 
a verbal idea But recognition does not, as a rule, consist in a mere 
general determination of this kmd, but rather in the wholly specific 
judgment that a given impression has been already experienced. It 
is sufficient for direct recognition, in this connection, that the effectiveness 
of a known impression (in the present sense of the word) for central 
excitation is noticeably different from that of the impression not yet 
individually expenenced, witliout there being any clear idea of the 
particular elements which justify or underlie the judgment For the 
most part, the jw^ments of this direct recogmtion are not further 
specialised; there is only an immediate reproduction of the name 
‘known’. It is facilitated by the working of a psychological law, 
absolutely valid within certain limits,— the law that gener^ denominations 
are more easily reproduced than special. (2) The mood into which 
we are thrown by familiar impressions, again, is essentially different 
from that induced by unfamiliar. If we abstract from the particular 
pijchobgical treatUea. It appeals as if schematitm had here gained an easy victoiy 
user the pieaentment of liuits as they loaBy are. 
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character of the two in the given case, and from the differences in 
the state of consciousness preceding them (expectation and unprepared 
attention), we may say that the known, as known, has a reassuring 
or pleasurable effect, while the unknown, as unknown, is disquieting or 
unpleasant. This is mtimately connected with the indisputable biological 
and practical importance of the distinction between the known and 
the unknown. Every impression produces a certain reaction on the 
part of the hving organism but while known phenomena reproduce 
a sensory and motor reaction, previously employed and tested, with 
relative ease and certamty, unknown must be assimilated, and an 
appropriate form of reaction discovered. It is readily intelligible, 
therefore, that feelings and organic sensations are aroused and moulded 
in a distinctive manner by a recognisable impression. 

6. Two objections may be urged against this view of direct 
recognition (a) It may be said that it only pushes the real problem 
one step further back, in refemng the recognition of an impression 
to the mood reproduced by it, or to its especial effectiveness for 
central excitation, — t.t., to something which itself constitutes the object 
of recognition, and only in that way can furnish the basis of the 
recognitoiy judgment. If this objection held, there would be no such 
thing as direct recognition, but only indirect, and the mediation which 
It posits must be conceived of as continued to inhmty The recog- 
nition of the mood must in its turn be mediated by the recollection 
of particular elements, and so on We may abstract from this rtducho 
ad absurdum, and consider only the denial of the fact of durect 
recognition If the fact is substantiated, as we believe it is, a sunple 
difference in the effectiveness of the known and the unknown is 
plamly adequate to its explanation, in as much as these quite general 
determinations are all that are involved in it {b) It may be urged that 
we have asserted the possibility of a judgment of familiarity in cases where 
the various reasons which justify it are not reproduceable This objection, 
however, is simply the expression of a logical postulate, not a rule 
of psychological reaction. On the contrary, as we remarked j’ust now, 
the psychological law is that the denommations of general concepts 
are more quickly and easily reproduced than those of special. This 
law is itself only a particular case of the universal rule that the 
frequency of excitation exerts an influence upon the reproductivity 
of impression. Since the name of a logical category must, in general, 
(xxur in consciousness far more frequently than the name of the 
individual subsumed to it (it can be referred to a far greater number 
of reproducing stimuli), it will appear more easily and more quickly 
m the given case. This fact has an important bearmg upon the 
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significance of concepts, and more especially of general concepts, and 
upon the explanation of scientific development It is further confirmed 
by the experience that when memory b^;ins to fail in consequence of 
age, concrete names, and particularly the names of individual persons 
or things, are forgotten before abstract Another illustration of the 
law is afibided by the result of experiments by the procedure without 
knowledge. The existence of a difference between the compared 
sensations is earlier remarked than the direction which it takes, or 
the nature of the objects betwemi which it obtains. 

7. It follows from this conception of direct recognition that its 
judgments will not seldom be erroneous. Two kinds of wrong judg- 
ment are possible We may regard something as known which has 
not been individually experienced, and we may declare somethir^ to 
be unknown which has been a matter of individual expenence. (i) 
We can explain the first error, by assuming that the effects which we 
have descnbed above may be produced not only by precisely identical 
processes or objects, but also by those which are simply more or less 
similar, which are either partially coincident with the contents 
of the original sensations, or evince no noticeable difference to a sen- 
sible discrimination so unfiivourably circumstanced. Thus we may 
imagine that we have previously been in some place which it can be 
proved we have never seen before, or that we know an individual 
whom we have certainly never met, etc. It may be that Plato in his 
doctrine of &vc(|m)«ts and pre-existence was thinking of experiences 
of this kind (ii) The second error is due, on our theory, to the fact 
that the unrecognised impression was too transient, or appeared too 
seldom, or was separated by too long an interval from its revival, to 
be able to produce a noticeable effect upon reproducbon or mood.— 
Lastly, the question arises, whether one of these two fisctors which we 
regard as the basis of direct recognition is to be considered funda- 
mental, or whether the two are to be looked upon as altogether co- 
ordinate resultants of the operation of the known, however different 
the value of each may be in a given case. Unaided mtrospection can 
hardly return a satisfactory answer to this question But certain 
pathological observations in cases of mental blindness and menial 
deafness (Munk) seem to admit of a defimte interpretation which throws 
light upon it By mental blindness and mental deafness is meant the 
incapacity of cognising an object of sense perception in its true sig- 
nificance, or of naming it and making use of its experientially known 
prcqieities. Thus, if a patient be given a spoon, he may see it and 
even declare ffiat it is familiar, but be unable to name it or to put 
it to any use, etc. Such cases may rise to the extreme of logical 
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paradox. Thus, a patient has been known to describe a foric exactly, 
and yet not to cognise it as a fork when it was Aown her. Here 
we obviously have an abrogation of the reproducing effect of impres- 
siona That these may, nevertheless, ^pear familiar must be due to 
the power of what we have called mood to exert an influence indepen- 
dent of their effectiveness for central excitation, as a co-ordmate 
foctor in the recogmtory procesa 

8. It is plain that direct recc^nition snpphes no foundation for the 
statement that memory images are merdy revived perceptions Nc 
comparison of the two is carried out. But it may, perhaps, be other- 
wise with indirect recognition. In certam cases, and especially when 
a recollection requires time and trouble for its full development, we 
can observe a real comparison of the reproduced and penpherally 
excited impressions. Two general types of indirect recogmtion can be 
distinguished. In the first, the environment of the recognised object 
(not only in the spatial sense, but regarded as the sum of attendant 
and simultaneously perceptible processes) is noticeably the same as 
before; in the second, it is noticeably different from that of the pre- 
vious perception. In the former case, indirect recognition admits of 
resolution into a series of acts of direct recognition not only the 
mdividual definite object, but the individual circumstances ate succes- 
sively judged to be familiar. But it will deserve the name of indirect 
recognition, whenever the object itself, even if nothing else, is recog- 
nised solely upon the ground of the familiarity of its attendant ar- 
cumstances If on the other hand, the envuonment is noticeably 
different, indirect recognition will be effected when the object reminds 
us of its previous surroundings, reproduces sensations which 
represent them, or knowledge about them, etc. In virtue of this effect- 
iveness for central excitation, which plainly assumes a quite definite 
form in consciousness, the object itself is here placed in the category of 
the known. That the same object is compared with its own memorial 
unage for purposes of recognition can happen but rarely, and then 
only under the unfavourable conditions already referred to. It is 
evidently impossible to assert on this basis that quahtahve likeness is 
established by the direct comparison of perception and memory unage. 
The assumption of their identity rests, therefore, not upon any ade- 
quate empirical induction, but upon the old sensuahstic idea that the 
aund can store in memory nothing which it has not received through 
the senses, and upon the view, which has found many representatives 
in modem times, that the same nervous centres form the substrate of 
perception and memorial irUage — Munk’s contrary argument frmn the 
facts cff mental blindness and mental deafiiess to a physiological and 
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anatomical separateneas of these centres is shown by the outcome of 
the present discussion to be altogether insufficient 

9: The same thing bolds of fancy images Here again, the recognition 
of the elementary consUtuents is no proof of the agreement of their 
contents with those of the perception and memory image. Direct 
comparison with the perceived object is so far faahtated, that there 
is no coincidence at any rate in the arrangement of qualities, i.€., 
that one series cannot completely overhe the other. But the condi- 
tions of comparison in general are just as unfavourable as before. 
Moreover, memory and imagination show great individual difierences, 
which are by no means necessarily paralleled by corresponding differ- 
ences in perception. We speak of a special development of the audi- 
tory or visual memory,— of a special tendency to reproduce verbal 
images in contradistinction to a predominant inclination to recollect 
in terms of concrete pictorial images. We cannot say that these cases 
present equally clear differences in the accuracy and ease of auditory 
or visual perception, etc. Few persons appear to have the power of 
reproducing colours with any degree of clearness, and the recollection 
of tones or senes of tones is at least very largely assisted by the 
motor exatabons of the vocal organs, which, if they do not make 
reproduction possible m the first place, are able considerably to 
mcrease its clearness. But it has not been found that recognition is 
particularly defiaent in persons with poor visual memory, m., that 
because they are unable to im^me a colour tone, it is, therefore, 
impossible for them to recogruse a definite colour which they have 
previously seen We are, therefore, again led to the conclusion that 
recogmtion does not consist essentially m a comparison of reproduced 
and perceived qualities. 

I have made observations upon several persons with a view to determining 
their power of the recollection (reprodncbon) of colonr tones. We sat in a 
darkened chamber, and I reqmred my subjects to reproduce defimte colonrs, 
which I named to them in any order: yellow, green, red, etc. In most cases 
the reproduction was effected with more or less vividness in some ro sec. But 
one observer was absolutely incapable of forming a sensory idea of any coloured 
object He saw nothmg, m spite of all his efforts, and although plenty of time 
was allowed him His visual perception was qmte normal, and he stated that 
he had never had illusions. I had no opportunity of testing his auditory repro- 
ductKm. The process of recogmbon, so fix as I could discover, was entirely 
normal. Here then, we have a person who recollects and remembers without 
memory images, and has thoughts and ideas without images oi imaginatloa. It 
is certainly difficult to bring hu case within the sdiema of association and 
reproduction cnrrent in psychological treatises. 

lo. Two lesults follow firom these consideratioiis; that what we 
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call racollection is by no means identical with the reproduction of 
that whidi we recollect, but that, on the contrary, rqrroduction plays 
a relatively unimportant part m the total process; and that if we 
give up the dogma quoted at the begiiming of this Section, we have 
absolutely no adequate knowledge of the nature of centrally excited 
sensations, adiile we have (acts which appear to show that their 
idation to peripherally excited sensations is not a simple one. 
in conclusion, we enquire what are the conditions of the origination 
or the phenomena of centrally excited sensations, we are invariably 
referred to association, a form of connection between sensations or 
ideas characterised by the fact that the appearance of the one term of 
it is followed by the revival of the other. It will now be our task 
{a) to examine the properties of centrally excited sensations in the 
light of the few experimental invest^ations which have hitherto been 
made, and ( 4 ) to discover what we can of their conditions, and so 
pave the way for their theory. Where recollection is mvolved in 
these inquiries, it too will occupy our attention. We may, however, 
remark at once that the most important thing for recollection in 
general is the possibility of movements which can be gmded by tiie 
will to imitate the contents of perception. The repetition of words 
and tones which we have heard spoken and sung, and the drawing 
and painting of lights and shades and colours seen, not only facilitate 
and strengthen recollection, but furnish an opportunity which is 
independent of the contingency of perception for the repetition of 
the impressions to be remembered. We can accordingly understand 
how it is that we so often recollect by merely noticing the movements 
or impulses to the movements which would serve to produce a 
particular impression, and that some psychologists believe that all 
recollection takes place in this way. 

[§ *7 a. The Inveatlgatioii of Asaodation and Memory. 

I. Gallon appears to have been the first to apply an experimental 
method to the investigation of the ‘association of ideas'. His earlier 
and cruder procedure was to walk leisurely along a busy thorough&re 
for a distance of some 450 yards, attentively scrutinising every sue* 
cessive object (some 300 were viewed) that caught his eyes, and hold- 
ing the attention upon it until one or two thoughts had arisen by 
way of direct association. Out of the observations taken in this way grew 
the following method. A list of 75 words was written out on separate 
sheets of piqrer. They were exposed one by one; and a chronograph 
was started as each was cogmsed, and stopped as soon as "about a 

U 
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conple of ideas in direct association with the word had arisen ” in the 
mind. These associative ideas were written down, and the experi- 
ment was then resnmed with the next word The results were subjected 
both to quantitative and qualitative analysis (c£ § yi. 7). 

2. Galton’s method has been developed on its quantitative side in 
experiments upon the duration of the association reaction (cf. §§ 
70 6, 71. 6). It has been turned to qualitative account, in various 
forms, by Scr^ture and Mflnsterberg. (r) Scripture’s experiments were 
made in a darkened chamber, completely protected from external 
disturbances. Internal sources of error were also as far as possible 
eluninated. The observer was not hurried by the thought that his 
association-time was being measured; and the “ Now! ” of the experi- 
menter induced an approximately constant state of consciousness. 
The “ Now 1 " was called out two seconds before the experiment 
(§ 5. 4). In the visual series a white card, on which was pasted a word, 
picture, symbol, etc., was illuminated for four sec. The subject might 
name his associations at any time during this exposure limit; but was 
required to arrest the train of associated ideas on the disappearance of 
the stimulus. Some visual experiments were also made with a large 
coloured surface as stimulus; and other series were taken with sounds, 
tastes, and tactual impressions. (2) MQnsterberg’s earlier inquiry is 
directed upon the more special question whether there is any qualitative 
difference between the apperceptive and associative connection of ideas 
(§ 77 ' 4 )- The reaction method was employed throughout. There 
are two groups of experiments The first seeks to show that the final 
psychical results of voluntary ideation can be produced without con- 
scious activity of the will; the second to relate acts of choice or judgment 
with cases of mere association, under conditions which prove that the 
same psychophysical explanation must hold for both alike. The former 
procedure is described and critictsed by the author below (§ 70. 2). 
In the latter, the hypothesis that, in tiie compound reaction, process 
follows process in senal order is tested by a progressive complication 
of reaction conditions (from “ Name the associate of gold ! ” — "Silver I ” 
to, «^., "Which is more impressive: the finest drama of Shakespeare 
or the finest opera of Wagner?” — "Lohengrin'") and a direct inter- 
compaiison of the numencal results obtained — One of MOnsterberg’s 
later studies is discussed below (§ 28. i, 2). 

3. Turning bom investigations of association to those of memory, 
we have to mention, in the first instance, the work of Ebbinghaus 
(§§ 30. 5, 8; 31. 7). In this research memory (learning, retention, 
reproduction) is measured in terms of two of its external conditions 
time and the number of repetitions Some 2300 ‘nonsense’ syllables 
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were formed, each containing two consonants and one of eleven vowels 
and diphthongs. These were mixed together, and series of different 
length drawn from them in the order of chance. The separate series 
were read alond repeatedly, until they could be volunt^y just re- 
produced, lA, until they could be said ‘by heart,’ when the first term 
was given, without hesitation, in a definite tempo, and with the 
consciousness of accuracy. The method has four advantages. The 
material is comparatively simple (though eye, ear and vocal musdes 
are concerned in the learning of the syllables); it is comparatively 
uniform (though certain differences of ease and difficulty were notice- 
able); it furnishes an inexhaustible supply of combinations of the same 
character; and it readily admits of quantitative variation. Constancy 
of experimental conditions was secured by the observance of several 
rules. The separate series were always read completely through from 
beginning to end ; reading and repetition were performed at a uniform 
rapidity; a single rhythm was introduced; the interval between ex- 
periment and experiment remained the same; learmng was done as 
quickly as possible, the attention was held at the highest level 
of concentration ; all artificial aids to memory were excluded , and the 
external circumstances of experimentation (time of day, previous work, 
etc.) strictly regulated. Four sources of error appeared to be incapable 
of absolute elimination; neither material nor external drcumstances 
could be made absolutely uniform; predisposibon varied; and as 
Ebbinghaus was at once experimenter and experimentee, theories and 
interpretations might be expected to take shape in the course of the 
investigation, and, though unremarked, to exert an influence upon the 
experimental results. — The pomts considered in the enqmiy are as 
follows : the dependency of the rapidity with which a series is learned 
upon the number of syllables contained in it; the dependency of 
retention upon the number of repetitions, upon the fiequency with 
which the series has been brought to the limit of just possible repro- 
duction by repeated learning, and upon the succession of terms in the 
series; and the dependency of retention and forgetfulness upon time 
interval. 

The method followed by Ebbinghaus has recently been discussed 
in an elaborate monograph, on the basis of new experiments, by 
Mflller and Schumann. We cannot here enter upon the question of 
the mathematical treatment of the results, with which these authors 
(as well as Ebbinghaus hunself) deal at some length. They suggest 
the following methodological improvements: that experiments should 
always be made by two persons; that the syllables should be piresented 
to the observer by a special rotation apparatus, that they should be 
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made more unifonn than in Ebbinghaus’ series; that the interval 
between e3q>eriment and experiment should be objectively regulated 
by definite rules, valid for all observers; and that the observers should 
be carefully chosen, and work begun only with those who can devote 
a considerable period of time to the research. The advantages of the 
amended method are demonstrated in detail, and exact directions 
given for the construction of syllables, etc. 

4. Wolfe (§ 31. 6, 7) remarks that Ebbinghaus’ material is not 
die simplest possible, since memory need not demand the co-operation 
of three senses He separates the special problem of tonal memory 
firom that of memory in general; and employs the procedure by recogni- 
tion (stimulus repeated, and judged as ‘same’ or ‘different’) in preference 
to that by reprc^uction in the ordinary sense. Two sets of experiments 
were taken, under slightly different conditions, by the method of right 
and wrong cases (§ 8. 3) In the first, five standard tones were used. 
These were varied, withm narrow limits, during the experimental series. 
The compared tones might differ from the standard by 4, 8, or 12 
vibrations in the i sec, and were given after intervals of i to 120 
sec. In the second set, eleven standard tones were used, and kept 
constant throughout a series. The compared tones might differ by 4 
or 8 vibrations, and were given after intervals of i to 75 sec The 
investigation deals with the dependency of tonal memory upon time 
interval, upon pitch, and upon general conditions (practice and fatigue). 
Both musical and unmusical observers took part in it. 

5. Lehmaim (§ 31. $, 6) attacks the problem of recognition itself, 
in two investigations, making it the touchstone of the validity of the 
two ‘laws’ of association, siniilarity and contiguity (§ 29). His experi- 
ments fan into four groups. (Q First paper Visual experiments on 
« simple ' recognition. — ^These form the counterpart of the auditory ex- 
periments of Wolfe. The observer sits in a dark room. A standard gray 
(black and white sectors!) disc, n, is shown him After a certain mterval, 
I, either m is exposed, or a brighter disc, /, or a darker, m This second 
gray is judged to be equal to or different from that of m. The experiment 
IS repeated, after an interval, with the same n, /, and m, given in 
different order. This is done 10 times; and then a new series is 
taken, with different », /, m, and, perhaps, / Lehmann investigated 
the dependency of recogmtion upon the difference between the sensa- 
tions, and the number of impressions; upon the time interval; and 
upon general conditions (individual disposition and practice), (ii) Visual 
experiments upon recognition ‘by definition’.— Three series of 
grays were formed, between the extremes of Mack and white; one 
consisting of 5, one of 6, and one of 9 equal sensation differences 
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A lull series was shown to the observer, arranged in the order from 
black to white. After a brief interval, the 5, 6 or g terms were exposed 
singly, in any succession; and the observer was required to state the 
place in the series which each occupied. These experiments were 
supplemented by others, sumlar to those of (i), except that two discs 
were displayed simultaneously in the first instance, and one of them 
again after the lapse of i\ and that the observer was asked to judge 
whether this isolated disc was the darker or lighter of the original two. 
The dependencies investigated were those upon the differences of the 
sensations, the time interval, and disposition and practice, (iii) Second 
paper: Olfactory experiments on ‘direct’ recognition. — A senes of 62 
scents was prepared. The observer was asked to decide, first of all, 
whether the sensation was familiar; and if it was, to write down all 
the ideas called up by it Some 10 or 20 experiments constituted a 
series. No time limit was set to the separate experiment The 
observers were not chemists, and could not recognise the stimuli by 
their appearance. The scents were not intensive, nor was a series long 
enough to fatigue the organ, (iv) Auditory expenments on ‘prepared’ 
recogrution. — Two senes were taken In the first, a standard stimulus 
(dropping of a steel ball from a known height) was followed at vari- 
able mtervals by a stimulus of comparison, whose intensity was varied 
m both directions until subjective equality was reached. In the others, 
the second stimulus was kept constant, and judgment made in terms 
of the first (variable) sound. Three intervals, (2, 4 and 6 sec.) were 
investigated. 

6. Binet has recently published the results of an investigation into 
the development of visual memory in children. Some 300 boys from 
the primary schools of Paris were examined by classes (average age 
7 to 9, 9 to II, and ii to 13), the expenments being made upon 
groups of four. (1) Method of recogmtion. («) A standard vertical 
line (15, 4, 16, 40 or 68 mm.) was shown for 5 or 6 sec. After 
an mterval of 4 or 5 sec., a senes of vertical lines (single point to i 
cm., differences of 0.5 mm.; point to 8 cm., differences of 4 mm.) 
was displayed, and the subject reqmred to indicate the line which 
appeared equal to the standard. (|J) The standard was directly com- 
pared with the senes. It was placed below the latter, at a distance 
of about lo cm. from it. (ii) Method of reproduction. («) The standard 
lines, shown horizontally, were drawn by the subjects from memory, 
or (§) were copied, the standard remaining exposed dniing the 
experiment 

The same author has further examined the ‘typical’ memories of 
blindfold chess players (visual) and professional odculators (visual and 
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audrtoty), and has compared the number memory of the latter with 
the simulated number memory acquired by mnemotechny (cf. § 30 5). 

Binet Huhngiimhwi filar methods of memorial investigation, (i) The method of 
A*scrtptton consists rimpljr, as the name imphes, m the characterisation of an 
object ‘fixan memory.* (ii) The method of rtcognthon. (m) The method of 
reprodtictton. (hr) The method of comparison. A given impression is compared 
with the memory image of a previoas impression (cf. the sensation method of 
Tight wrong cases). The last three methods are the more important. They 
can be employed (a) where the fiinctions of experimenter and expenmentee are 
combined in the same mdividnal (Mdnsterberg) , (fi) where two persons serve 
alternately as observer and experimenter, and (/) where experiments are made 
by a single experimenter upon a large class (Bmet and Henri, Jastiow, Bourdon), 
They are of assistance for the investigation of individnal memories (typical, 
professional, etc.}; of ‘mental span', or the nnmbcr of objects which can be 
fixed in memory m a pven tune; the persistence of memory, etc^ etc 
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§ aS. The Attributes of Ceatrally Excited Sensations. 

1, Centrany excited sensations, like penpherally exdted, must be 
accredited with quality, intensity, and a temporal and spatial character. 
The exact determination of these attributes, however, is exceedingly 
difficult, since they do not stand in a simple functional relation to 
external stimuli, and are only occasionally distinct or persistent enough 
to allow of detailed description. Important as the question of their 
definition is, therefore, it cannot be experunentally approached except 
by mdirect methods. The first point of interest is, the relation which 
thqr bear to the corresponding attributes of peripherally excited sensa- 
tions. Its elucidation has been attempted in two experimental re- 
searches: by Mflnsterbeig (who employed printed words to produce 
iUnsions) and the author (who obtained judgments of subjective and 
objective illumination of a dark surface). Illusions, id., subjective per- 
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versions tX. the contents of objective perception, occm very frequently, 
unless dehberately guarded against, and especially when the outlines 
of the perception, the differences of the objective brightnesses, etc., 
are indistinct. Most of us have mistaken a tree trunk in the twilight 
for a living person. Poets have often described the changes in a 
dead &ce that seem to follow the mood of the watcher, and the 
power of a strained expectation to deceive eye or ear. But it is not 
easy to ascertain how much in such effects is due to a mistaken 
judgment, and how much to centrally exated sensations. In many 
cases the illusory judgment comes first, and the impression is then 
transformed into agreement with it But the fact of unportance in 
all phenomena of the kind is that centrally exated sensations can 
apparently take the place of peripherally exated, that to the judg> 
ment of the observer they are of equal value with perception. The 
inference is, perhaps, allowable, that in certain arcumstances they 
are qualitatively siniilar to peripherally exated contents. And, as a 
matter of fact, MOnsterberg has found that if a word is displayed for 
a brief time which presents some slight difference from another word, 
it IS read as if this difference were not visible, provided that a 
word IS previously called out to the observer which stands m intimate 
assodation to the other, but has nothing to do with the actual im> 
pression. Thus ‘part’ is read as ‘past’, if ‘future’ is suggested; ‘fright’ 
as ‘fruit’, if ‘vegetable’ is given 

2. The limits of possible variation of conditions in these expen- 
ments are plamly restricted; and the experiments themselves cannot 
be considered as wholly free from objection. For the number of 
changed or absent letters was so small, that the high degree of 
effectiveness the remainder (which belonged to a word related to 
the word called out) for central exdtafion could not be very greatly 
dimmished; and the time of exposure was so short, that a really 
clear perception was impossible, and it might have been precisely the 
region of change or absence which was indistinctly remarked. Again, 
there is the danger that the i^oken word helps to form the impres- 
sion which should have been produced by the word seen. And the 
observer’s statement that he clearly saw the whole word is hardly a 
sufficient guarantee that errors of this kind were eliminated. — The 
author’s experiments were primarily mtended to show that there might 
be impressions, even for the developed consciousness, whose character 
as objective (referable to an external stimulus) or subjective (attnbut- 
able to the condition of the subject) could not be established a prion, 
by the aid of criteria of general applicability; and that, consequently, 
the predicates, subjective and objective, are always secondary and 
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empincal detenninations, suggestible in a great variety of ways. The 
experiments served at the same time to extend our knowledge of the 
relation of reproduction to perceptioiL The procedure was, of course, 
altogether without knowledge. The observer sat at his ease in a 
darkened chamber, and was required to say whether he saw any- 
thing, and if so, what it was IDre, and whether he thought that it 
was objective or subjective. The only objective phenomenon mtro- 
duced was a famt illummation of the dark wall lacing the subject, 
given at irregular intervals, for various periods of time, and at different 
dejpees of intensity. Nearly all the observers were liable to confusion 
when the stimulus approached the limen : an objective was very seldom 
subjectified, but a sulqective fiequently objectified. The number of 
erroneous judgments differed within fairly wide limits for the different 
subjects. One obsmver (the same who is mentioned above, § 27. 9) 
invariably cognised the objective as objective, and saw nothing else. 

3. It may be objected that there is here no proof of the occurrence 
of centrally exated sensations, but that the ‘subjective’ phenomena 
were due, perhaps, to the idio-retinal light dust. The objection is an- 
swered by the character of what was seen, the length of time allowed 
for the adaptation of the eye to the dark, and the fact (previously 
referred to) that the individual capaaty of voluntary ideation of re- 
quired colour tones showed a quite parallel development to that of 
the capaaty of discrimination in the present case. It is hardly pos- 
sible that the retinal light dust could have been confused with an 
objective illummation. One of the facts which the expenments brought 
out most strongly was the dependency of the cognition of the objective 
light upon the manner of its appearance and disappearance, its dura- 
tion and immobility, etc. What is of most interest to us just now, 
however, is the extent of stimulation over which confusion is possible. 
The experiments showed that it is very small, embracing only stimuli 
in the near neighbourhood of the limen. The normal intensity of 
centrally excited visual sensations is, therefore, exceedingly weak. It 
is true that the observer sometimes expressed the belief that he had 
seen a strong illumination; but as all the visible stimuli employed 
were very famt, and the surroundings entirely dark, the absolute in- 
tensity of the light seen carmot, probably, be put very high. At any 
rate it is noteworthy that no confusion was made when once the sti- 
muli had passed somewhat beyond the limen: they were then invaria- 
bly declared to be objective. It must be admitted that the conditions 
were not favourable to an extension of the range of confusabihty. 
The stimuli used in the investigation were all of the same kind, and 
the part of the wall illuminated remained the same throug^ouL Under 
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these dicmnstances, even with die procedure without knowledge, spe* 
dal criteria of objectivity must have been easily discoverable. And 
this hypothesis is borne out by the fact that as a rule errors were most 
frequently made m the first experimental series, i.t., before any such 
critena could be applied. For the same reason, the experiments do 
not add very much to our knowledge of the qnali^ of centrally ex- 
dted sensations. There is, however, no indication of any really novel 
and especial quality; and the Judgment of subjectivity or objectivity 
was never ba^ upon the hurt of a peculiar qualitative difference 
between the two sets of sensationa. So that in theory it is not im- 
possible to obtain stimuli which shall make an exactly similar impres- 
sion in consaousness to that of the memorial or fimcy image. The 
prindpal distinction between perception and reproduction seemed to 
lie in their spatial and temporal relations and properties. It is not 
eaty to imitate the osdlladon and migration, the shrinking and ex- 
panding of the subjective images, when they are the result not of a 
voluntarily directed recollection, but of the free and fortuitous play of 
imagination; and these peculiarities often secured their cognition. It 
not infiequently happened, again, that an impression was at first re- 
garded as obiective, but immediatdy afterwards declared to be sub- 
jective, for the simple reason that the curious changes which it under- 
went could not be ascribed, in the observer’s expenence, to an objective 
cause. 

4. We may assert, without fear of contradiction, that the number 
of discriminable quahties of centrally exdted sensations in general is 
less than that of the peripherally exdted qualities. While we can 
distinguish the quahty of two tones, whose vibration rates differ by 
only half a vibration, it is impossible for us to imagine two tones 
of such slight difference in pitch. And it seems equally impossible 
to recollect the mmimal differences of colour tone which we find just 
noticeable in the visible spectrum. In the sphere of brightness, the 
functions of the centre lag far behind those of the periphery in every 
respect But sqart fium cases in which there is no quahtative repro- 
duction at all, we may assume that centrally exdted sensations present 
the same qualities as peripherally exdted, i.«., that they contain no 
quality which is not found among the latter. At the same time, 
they cannot be regarded as simple revivals of peripherally exdted 
contents, if only for the reason that their remaining attnbutes are very 
rarely indeed identical with those of perceptiorL The most striking 
evidence of disparity is, perhaps, afforded by intensity: at least, this 
would eiqilain why it is that intensity is ordinarily considered to be 
tile distinguishing characteristic for the separation of perception from 
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memoty. It has often been remarked that an imagined tone does 
not sound, or a remembered pain bum, or a colour impression thought 
of illuminate. And it has, presumably, been said also that the idea 
of an mtensive noise is not the same as an intensive idea of the 
noise. It is only in iqiecial cases diat centrally excited sensations can 
rise from their accustomed ftuntness to the vividness of sense per- 
ceptKHi. We then speak of them as Aalluanah'oni] and th^ enter 
mto a disastrous competition with the real material of perception, 
completely transcending the boundary line which so usefully divides 
it from the material of imagination. The normal gradations of inten- 
sity of memorial images are very few. As r^ards their temporal and 
spatial determination, we again find large differences between the 
results of peripheral and central excitation. Let the reader attempt to 
constract by recollection the imi^e of a town, which a brief glance 
ftom a suitable distance can comprehend in all its spatial complexity. 
It IS difficult to reproduce with any pictorial distinctness and adequacy 
even this or that part of the image; and the part thus reproduced is 
but a minute fraction of the whole. And with the duration of die 
centrally excited idea it is even worse. If the perception was a 
matter of a few seconds, its reproduction may be possible, although 
It is difficult to hold a centrally exdted sensation unchanged even for 
a few seconds. But any considerable duration is simply unreproduce- 
able. Succession, too, cannot be imagined as of more than a certain 
rapidity; whereas in some sense departments the rate of sequence of 
perceived impressions may be very much greater. 

5. It follows fixim these considerations that memorial and fancy 
images are as a rule suffidendy different from perceptions to be 
readily and certainly dbtinguished from them. Indeed, this difference 
is necessary, if recollection on the basis of reproduction is to be 
possible at all. It is of the greatest importance, biologically and 
practically, to know whether an impression has been already sensed, 
eiqienenced, or whether it is altogether novel. Only peripherally 
ezated sensations have this property of novelty, and we are, in most 
cases, quite sure as to its apphcability. This difference of character, 
then, is necessary, if a recollection is to be judged at once as 
recollection and an imagination as imagination. On the other hand, 
a recollection contains always an uneqmvocal reference to the 

experience which it recalls. Thus a photograph will remind us of a 
scene or a person, despite its unmistakeable differences from the 
original, because of the expression which it gives to individual and 
chaiactenstic features. And a memorial image of an object or 
occurrence will recall that particular otgect or occurrence, because tA 
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Its unequivocal relation to it. The unequivocal reference of the 
photograph is due to its apparent identity in spatial arrangement and 
distribution of light and shade with the object which it represents: 
that of the memorial image to its essential agreement with the previous 
perception as regards quality and temporal and spatial disposition. 
Centrally excited sensations are thus seen to be merely convenient 
signs and symbols of perception, but not its only possible represen- 
tatives, and not a priori given m that character. We must learn to 
utilise the relation of memorial images to peripherally excited sen- 
sations, just as we learn to understand the relation of photogrrqih to 
original The process is enormously facihtated by the likeness of the 
quahties of perception and memory, and by our habit of describing 
experience without reference to the special attnbutes and properties 
which differ considerably as between image of recollection and image 
of perception, intensity, extension, and duration. 

6 But it is important to emphasise what has just been said, that 
reproduced sensations are by no means the only aids to recollection. 
Any fortuitous perception may exate the idea of a situation m which 
a sunilar impression had a part to play. Wntten and spoken words, 
seen and heard, symbolise experiences of the most varied kinds in 
characteristic ways. Moreover, certain properties of penpherally 
exated sensations we have seen to be altogether impossible of repro- 
duction: such are the extension, intensity, and long duration of an 
impression. As we are, nevertheless, able to recollect these &cts 
with more or less of accuracy, there must be a number of special 
indicaUons in addition to the reproduced sensations, enabling us to 
cognise their existence in the original perc^tion. And, indeed, 
there is no lack of signs from which we can infer duration, extension, 
and mtensity. When, g.g., we wish to reproduce the time occupied 
by a certain process, we are accustomed to estimate the number and 
duration of the individual experiences contamcd within that time. 
We follow precisely the same method, only reading space for time, 
m formmg an idea of a distance which we have previously seen. 
Very intensive impressions are usually sensed not only by way of the 
oigan to which they are adequate, but by others as well. The 
common sensation which is thus originated may assist us in the 
ideation of a brilliant light or a loud sound, etc. Movements are 
everywhere important (cf § 27. 10). It is perhaps not too much 
to say that a voluntary recollection never takes place without their 
assistance. When we thmk of intense cold, our body is thrown into 
tremulous movement, as m shivering; when we imagine an extent of 
space, our eyes move as they would in surveying it; when we recaD 
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a tfajthm, we marie its rise and £U1 with hand ot foot Most im- 
portant of all, however, are the movements of speech, ^ich stand 
in unequivocal relations to the perceptions of eveiy sense department 
The principal reason for our foi^getfiilness of most of the events of 
our early childhood is that they occurred before speech was fiilly 
developed, that they were not fixed in memory by unequivocal phrases. 
Our recollection of an event often consists simply in its description 
in language. And this helps us to understand bow it is that a practised 
speaker owes comparatively little to the consdous guidance of repro- 
duced sensations, when developing his views in the steady flow of his 
oration. 

7 . It wiD now be seen why we have spoken in this Chapter of 
centrally excited sensations and not of memorial or &ncy images. 
Both of these expressions are, to say the least, liable to misunder- 
standing. No mental process is intnnsically a recollection or an 
imagination; no special class of sensations has the exclusive privily 
of subserving memory. A certain content becomes recollection by a 
judgment connected with it, and this judgment can be produced by 
extremely different causes Imagmation, in the same way, is charac- 
terised not by the appearance of particular senes of sensations or ideas, 
but by the realisation that the given ideas present something new, 
never before experienced in this form, but possibly to be perceived in 
the future. The actual psychology of recollection and imagination will, 
therefore, vary within wide lunits; f.«. both the consaous contents 
which serve as motives to recollection or which are realised to be 
fandes, and the specific judgments which attribute this significance 
to them can be entirely different We abo avoid the use of the term 
reproduction in this connection. In the first place, it fosters the mconect 
opinion that centrally exdted sensations are simple revivab of peripherally 
exated, — or, at least, implies this particular theory of their origination. 
But it also lays exclusive emphasis upon the quahtative similarity between 
centrally exdted and peripherally caused sensations, and takes no account 
of their generic or specific differences. We may claim to have proved 
that, especially in the case of recollection, the differences are not less 
essential than the similarities. Moreover, it must not be forgotten that 
likeness of quality b only noticeable, apparent likeness, — that it is 
simply a relation of contents, in which they evoke the same judgment. 
The judgment of likeness may be passed, when, as a matter of fact, 
the sensations judged are not like one another, and the range of thb 
objective unlikeness will be greater, the more un&vourable are the 
general conditions of comparison. Now we know that the certainty 
of cognition of qualitative differences is proportional to the coincidence 
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of an Ae other attributes of the compared sensations. So that the 
great differences which we find in intensity, and in spatial and temporal 
character, must of themselves maie it very doubtful that apparent 
likeness is here even an approximation to actual likeness. But, for 
the process of recollection, it is merely apparent likeness which is 
necessary And the numberless mistakes to which our recollection is 
liable are only too dear proo& of the difference between the asserted 
and real identity of the contents of perception and memory. 

i sig. Critique of the Doctrine of Association. 

1. Aristotle found the conditions of the reproduction of ideas in 
certain relations, which he classified under the four heads of siinilanty, 
contrast, succession, and contigmty. In modem times the English 
psychologists, and especially Hume, have carried out the Aristotelian 
doctrine in detail, and applied it in various directions. Thus the belief 
that auociatton is the sole condition of reproduction has come to be 
one of the cardinal articles of the psychological creed. J. S. Mill 
declared that the law of association was co-ordinate with the law of 
gravitation, ruling the psychical world as gravitation governs the physi- 
cal Sometimes, it is trae, another view has cropped up* Herbart, 
in particular, speaks of a duect reproduction by way of ^nlantous 
tdttu. Hartley, too, developed a physiological theory of association, 
to whidi recent pathological observations and anatomical investigations 
have given a more definite form. Expenmental psychology has hitherto 
concerned itself but little with the association question, though a few 
valuable contnbutions have been made to our knowledge of the intimate 
nature of the particular processes involved. Lastly, Wundt has distin- 
guished between associative and apperceptive connections. The former 
are the result of given relations between ideas, their contiguity 
in space or immediate succession in time; the latter require a com- 
parative and selective activity of the subject, t.e , the aid of appercep- 
tion. Wundt also considers association in its technical sense of the 
condition of reproduction to be only a special case of ideational 
connection in general. And it is his merit to have denied the fun- 
damental value of the distinction drawn m psychology previously 
between perception and recollection, which we have ourselves disputed 
in the two foregoing sections. 

2. The law of association in its most general form asserts that two 
ideas, a and b, under certain circumstances connect with one another 
in such a way that the appearanceof theoneof tbem.a, effects the 
reproduction of the other, b (§ 27. 10) Now it can be shown that 
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this is not the only possible fonnulation of tiie nnifomuty in question ; 
and, what is more, that its content does not command universal assent 
Hill’s proud comparison with the law of gravitation is, therefore, m 
somewhat sorry case. The law of gravitation can be stated simply and 
accurately in a mathematical formula But (i) every p^chologist of 
standing has his own laws of association. This fact alone would 
decide us to analyse and scrutmise narrowly the facts upon which the 
laws are based Moreover, (2) the strict school of association requires 
that every reproduction be brought about in the same way, it, that 
the only reason for the return of a reproduced sensation to conscious- 
ness be an association previously formed with another sensation 
There are two ezpenences which appear irreconcilable with this 
requirement, {a) The first is one which we have just referred to: 
direct reproduction, or the spontaneous origination of ideas. It is 
not seldom that a complex of centrally excited sensations suddenly 
‘occurs’ to us, without our being able to find any associative origin 
for it The difficulty of this exception to the rule that association is 
the sole condition of reproduction is usually met by the assumption 
of unnoticed or unconscious cormective terms. Special circumstances, 
it is said, combine to prevent the conscious appearance of any but 
the final link in the chain. Now it cannot be denied that resolution 
of direct into indirect reproduction is often confirmed by a subsequent 
anal}rsis of eiqierience. But whether indirect reproduction is the only 
possible form remains an open question. And its answer will depend 
not upon particular observations, which are incapable of deciding it, but 
upon the theoretical ideas by which their explanation is attempted. 

3. ( 6 ) But there is another experience which speaks more decisively 
than the spontaneous origination of ideas against the doctrines of the 
strict school of association psychologists. It is the indisputable occurrence 
of indirect recognition without any precedent association of the reproduced 
and reproducing ideas — ^without any previous unplicabon in an associative 
cormection of the consdous processes concerned. We do not come with 
vacant minds, helpless and heedless, to the reception of new impressions : 
the novel, like the ffimiliar, sets up a movement in the tram of our ideas, 
perhaps, more or less universal, perhaps, unequivocal and definite. It 
makes no difference whether the qualities are sunple or complex. But 
as it may be affirmed of the latter that at least their simple constituents, 
the truly excitatory or reproductory processes, have been already 
experienced, it is better for our purpose to establish the feet at issue 
first of an Ity reference to simple qualities and separate sensations. 
No one can say that he has seen every discriminable d^;ree of brightness, 
that he knows every possible ‘gray’, and has set it in an especial 
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aasodation. And yet^ any quality of brightness which becomes the 
object of attention will at once excite a name, if nothing else, and 
quite possibly other individual ideas The same argument may ob- 
viously be extended to all sense departments in which the number 
of qualities is large, t.g., to smell and heanng But the reasoning 
holds equally well of complex impressions which reproduce in then 
totality, and not by way of particular constituents already experienced 
and connected. A painting, a musical composition, a landscape, may 
be effective as a whole to produce centrally excited sensations; and 
it cannot be asserted that in every case certam individual factors of 
the total impression have formed the starting point of reproduction 
The psychological explanation of a subsumption of concrete processes 
under a general concept is that the processes given lU perception 
reproduce the name that represents die concept. But the subsumption 
by no means involves an association of all the given processes with 
the name in question. 

4. But we have not yet exhausted our supply of factual objections 
to this form of the doctnne of association. So far we have spoken 
only of qualities as reproducing hictors. But each of the other attributes 
of sensation may be effective in its own way for the production of 
central excitation. All degrees of the intensity, all gradations in the 
spatial and temporal character of an impression may give occasion 
to reproduction, and still belong only in part to the category of the 
experienced and associated. Here again, then, is a refutation of the 
assertion that all indirect reproduction must be preceded by an association 
We are at least compelled to admit an indirect reproduction which 
is not a simple repetition of an earlier connection formed in perception 
and memory. But we can go huther. When we remember the results 
of the foregoing discussion, we shall not hesitate to affirm that a 
repetition of the latter kind can hardly take place at all Psychology 
cannot say absolutely, even of perceived impressions, that they remain 
the same m spite of changes in time and drcumstance . still less can 
It assert that the centrally excited sensation is an exact copy of tbe 
peripherally excited. And the question of the relation between 
association and reproduction toms essentially upon cases in which the 
connection between two perception contents is given as the exp la n a tion 
of the fact that the revival of the one of them arouses or excites the 
memorial image corresponding to the other. If, then, we term the 
partial identity of memory image and peripherally exated sensation 
‘similarity’, we can only say, in strictness: a perception content a 
reproduces an idea which Is similar \a 3 l b previously connected 
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5. Again, the cmrent distinction of the fonr laws of association 
contains an admission of the possibili^ of mdirect reproduction with- 
out precedent connection of conscious contents. Reproduction on the 
ground of temporal or spatial contigui^ certainly presupposes that the 
ideas associated have been previously experienced in that connection. 
But the recollection of an impression mmilar to or contrasting with 
the object of perception as certainly does not imply that the two 
contents tiius related either have or have not been experienced 
together in the past. The representatives of the strait doctrine of 
association which we are here opposing have, naturally, proceeded 
now and again to draw the logical conclusion that contiguity is the 
sole incentive to association, and that all apparent cases of reproduction 
by similarity or contrast must really be referred to it We cannot 
ourselves a^it the necesaty of this reduction, as we have, in the 
course of the present discussion, found other reasons for believing in 
the possibihty of a reproduction which is not dependent upon associa- 
tion. The only question for us, then, is whether the allegation of 
similarity and contrast as causes of an indirect reproduction not 
assodatively effected, can be r^arded as a correct and adequate 
description of the fficts. The similarity of two simple qualities may 
consist (s) in the slightness of the difference that obtains between 
them. Thus two just discriminable shades of indigo blue in the 
spectrum may be termed similar colour tones, {b) Or similarity may be 
defined as partial identity. Two colour tones of different saturation, 
extension, or duration, but of the same quality, would then be similar, 
(r) Or, lastly, similarity may be predicated of two qualities which 
stand m one and the same relation to a third. Thus red and green 
are similar, because both reproduce the word ‘colour’. It is easy 
to see that these definitions may cross in various ways, and, in certain 
cases, may contradict one anotiier. We caimot, therefore, allow the 
term ‘similarity’ as the name of a law to pass unchallenged: it is fiu 
too ambiguous. And the same is true (it is not necessary to go into 
details) of ‘contrast’. Moreover, it is suggestive, that only the second 
of die three possible meanings of similanty can be at all precisely 
formulated; and that even here there is the danger of forgetting 
partial identity, and falling back again upon a vague similarity. Under 
these drcumstances, anything can plainly be looked upon as similar 
to anything else, and in particular a relation of contrast translated 
forthwith into a relation of similarity. 

6. It has accordingly been attempted to eliminate contrast altogether, 
and to explain all cases of contrast association by the similarity which 
contrast implies. But then we have an equal right to press the extreme 
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instability and relativity of ‘similanty’ still further, and to draw the 
conclusion (highly satisfactory to a mind dominated by the craving 
for unification) that there is only one incentive to reproduction— 
smiilaiity. As a matter of fact, all the terms of a relation of temporal 
or spatial contiguity are similar. On the other hand, if psychology 
and not logic is to furnish the cntenon, the only road to a knowledge 
of the conditions of the appearance of centrally excited sensations, 
to a determination of the incentives to reproduction, hes through an 
analysis of the facts We will not here anticipate the results of fiiis 
analysis, but will merely remark that expenence undoubtedly demonstrates 
the effectiveness of associations based upon the contiguity of then 
terms, whereas there is no clear proof at all of reproduction by 
similanly or contrast (a) It will hardly be asserted that a tone, 
odour, or colour, which is but httle different from another, will arouse 
that other in virtue of the shghtness of its difference. Or at least, it 
will not be found that this fact alone, apart from othei incentives to 
reproduction, gives it any nobceable advantage for memory over sen- 
saUons whose differences are more considerable. (6) We pass to the 
partial identic of similar contents. As referred to sensations, this 
can only mean that one attribute is the same, while the rest are 
different But as referred to sensation complexes it may also mean 
that certain constituents are idenbcal, or that certam relations (temporal, 
spatial or intensive) make the same impression m spite of absolute 
divergences Now ‘reproduction by similanty’ presents no difficulty 
in the case where an absolutely identical or at least apparently identical 
quality is common to both sensabons or sensabon complexes. When 
the two ideas a6 and ac, which are ‘similar’ in this sense of the word, 
reproduce each other, the process of recoltecbon is plainly mediated 
by a tubshtuiton ; t.e., the idenbcal part a reproduces its formei 
surroundings, which as it were step into the place of those given in 
the percepbon of the moment But this is a reducbon of reproduction 
by similanty to assodabon by conbgmty. It is worth whfle to 
emphasise the fact that the term ‘subsbtubon’ covers a real process, 
and is not a mere figment of theory The idea ab does not funcbon 
as a whole to reproduce aey a ia not duphcated, but remains unchanged, 
while c, which it excites, attaches itself to it. Sensabons, again, do 
not seem to reproduce and be reproduced in this simple way. A 
green square does not as a matter of course call up a green triangle 
or a red square. On the other hand, the process is of very fiequent 
occurrence among sensation complexes, the common constituents of 
which can initiate reproduction in their own mdividual right. Thus 
some secondary mot\f in a piece of music heard for the first time 
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may lemind the auditor of a familiar composition in which it also 
occurs; or an odour which is now sensed in a particular connection may 
arouse the idea of a previous situation in which it played a part 
7. Much more difficult of explanation is the other case of partial 
identity- that due, not to an absolutely identical ffictor, but only to 
a relative identity. A feivouiite instance of reproduction by similarity 
is the suggestion of a person by his picture, or of an extensive and 
variegated landscape by a small monotone photograph. In these cases 
contour and hght and shade make the same impression, but there is 
no really common constituent, — absolutely regarded, qualities are as 
different as forms. There can, therefore, be no question of the occur- 
rence of a simple substitution, such as we have just descnbed. But 
in all such cases recollection takes place (m the author’s experience) 
only if we already possess a knowledge of the significance of pic- 
ture and photograph We have to learn (cf § 28. 5) that a relation 
emsts between them and the objects which they represent When 
that IS understood, the knowledge that what we have before us is 
simply a copy of an object will guide reproduction into the right 
path. As a general rule, the concrete name of the represented im- 
pression appears first of all in consaousness, and then follows, perhaps. 
Its memorial image, with all the circumstances of the previous per- 
ceptioiL But the portrait (in the author’s observation) does not 
arouse the idea of its original directly, for the simple reason that 
the two contents cannot possibly subsist side by side, and that it 
suffices for recollection to think of the circumstances and name which 
attach to the original. There is no more a revival or duplicabon of 
perception here than there is in recognition (§ 27. 8). The similar 
does not recall the similar, but has the same effect as the similar, ta., 
reproduces the same words, ideas, etc. The problem which this instance 
presents is, therefore, the same as that offered by similarity (c) in its 
third meaning. Two impressions, we said, are similar, when they 
stand in the same relation to a third. Here again, it carmot be 
asserted that similanty works as an incentive to reproduction, but only 
that similar contents can arouse the same ideas. We shall return to 
this point, which is of eqiecial importance for the psychology of the 
concept, in the following Section (§ 30. 9, ro, ii. Cf. § 3r. 2). 

8. We have been unable to discover any confirmation of the 
hypothesis that similarity is a law of reproduction. In many cases 
its influence is not demonstrable in expenence at all, in others it may 
be reduced by carelul analysis to a particular form of contiguity, to subsh- 
tuticm, and to a peculiar psychological phenomenon which does not 
appear to have been described hitherto with any minuteness. It could 
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easily be shown that experience speaks with equal decision against 
reproduction by contrast But we need not spend tune in defence of 
this assertion, as the theory of reproduction by contrast is hardly 
taken senously by modem psychology. We have not attempted to 
answer the fundamental question how similar ideas come to have 
file property of effectiveness for central exatahon, smce we have not 
been concerned so far with theoretic explanation, but only with the 
ascertainment of the facts accessible to mtrospection But at the con- 
clusion of our inquiry, we can hardly avoid raismg the general issue. 
Similarity and contrast are capable of quantitative gradation At least, 
m its first and simplest meaning of a slight difference, similarity may 
be regarded as of various degrees. And the same is true by mialogy 
of contrast, which would indicate a very high degree of difference. 
Now if similanty and contrast are put forward as incentives to repro- 
duction, we should expect that their degrees would be referred to as 
affordmg a quantitative determination of their reproducing power. It 
IS curious that the literature of association (so far as the author can dis- 
cover) is silent upon this point it is nowhere stated, €g , that a 
greater similarity is more effective than a less. This is only another 
mdication of the uselessness of the two concepts for the expression 
of a law of reproduction. On the other hand it must be admitted 
that the expenences upon which our analysis has been based are both 
incomplete and uncertain. The deficiencies of psychological investigation 
when unassisted by experiment are only too manifest throughout 
9. We have not, even yet, said all that there is to say in criticism 
of the doctrine of association, (i) For the word association is not al- 
ways employed in the sense in which we have used it It often sigm- 
fies reproduction itself and not a condition of reproduction. The 
phrase - the idea a associates to the idea h ‘ then simply means < a 
reproduces b ’ In this sense, the term has been made to cover every 
form of connection of ideas or sensations which occurs in conscious- 
ness. In pnnciple, no objection to the usage can be made it is 
only regrettable that more has not been done over the whole field of 
sensational connection For the connection of a peripherally exated 
sensation witli a centrally excited is only one of a number of possible 
and actual connections That it has attracted such exclusive attention 
is due to a purely material cause, the great interest that attaches to it 
as one of the most important factors in cogmtion and vohtion. (2) 
Association has often been interpreted as a causal hnk between ideas 
Herbart has employed it in this sense foi the construcUon of a real 
mechanics of ideas and their relations, their rise and fall It would 
be foreign to our purpose to discuss this construction, which, largely 
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conceived as it was, is devoid of all practical siftnificance, and has 
never been earned to its full completion. The metaphysical postulates 
which Heibart required in order to subject the course of ideation to 
mathematical treatment are not reconalable with the recent observations 
of nervous physiology and pathology, and must, therefore, be declared 
invalid. There can be no doubt at all that reproduction is influenced 
in quite defimte ways from the physiological side But if the associ- 
ated ideas are dependent upon cerebral conditions, we need not 
assume a particular causal connection between the ideas themselves. 
The femts which seem to point towards its existence are much more 
simply explained by the causal interconnection of certain localised 
physiological processes. Andthisreferenceisespeciallyvaluableasenablmg 
us to understand the variations which expenence, unaided by meta- 
physics, cannot but notice, and find adverse to the theory of the causal 
character of the supposed mental relations. (3) Lastly, the association 
psychology, as a rule, takes no account of the marked influence ex- 
erted upon reproduction by temporary mood, direction of the attention, 
etc., i.e., by general and special conditions of a central nature We shall 
endeavour in what follows to tabulate the conditions of centrally ex- 
ated sensations with some degree of completeness. 

§ ao- Incentives to Reproduction and Liability 
of Reproduction. 

I. Centrally excited sensations differ from peripherally excited 
in that the proximate condition of their origination is not the 
exatation of a sense organ, but a purely central process This distinc- 
tion implies that they, too, stand in a functional relation to physiolo- 
gical processes We cannot give any more precise desenption of these 
than we could in the case of peripherally excited sensations and we 
cannot, of course, — as in their case we could, — bring specific quality 
and the other sensation attributes into a relation of thorough-going 
dependency with particularities of sense organ or external stimulus. 
The central nervous processes which run parallel to sensation admit 
at present only of local definition. We must, therefore, dispense in 
our investigation of centrally exated sensations with the valuable assist- 
ance which an exact variation of physical conditions renders to psy- 
chology in other coimections The results of experiments upon hvmg 
animals might be appealed to- but (i) we caimot reason without 
hesitation fixrm the animals to man; and (2) the established facts are 
too £ew in number to have added much to our stock of knowledge, 
and are inadequate to overcome the many difiSculties of the problem. 
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One conclusion, in particular, which has been drawn from physiological 
experunent, — that the ‘perception cells’ are different from the ‘memory 
cells’, t « , that the locahty of the central process underlymg peripherally 
excited sensation is different from the physical counterpart of centrally 
excited sensation,— is based upon a very insuffiaent analysis of recog- 
nition (§ 27. 8). The various pathological observations of disturbance 
of memory, intelligence, etc., furnish a greater number of useful and 
reliable facts. But for the most part, we have to depend upon the 
result of introspection, which is indicative of the conditions of repro- 
duction, at least in the frequent cases in which they are accompanied 
by consaous phenomena. 

2. The appearance of a centrally excited sensation is declared by 
introspection to be dependent (i) upon general conditions, eg., upon 
attention, feeling, wilL These condibons do not, as a rule, give nse to 
definite centrally exated sensations, but constitute a complex of causes 
adequate to determme their general character in consciousness Why 
this reproduction, and no other, takes place at a particular moment, 
carmot be explained either by attention or by the feelings as such. 
(2) The second class of conditions of the appearance of centrally 
excited sensations is composed of other (peripherally or centrally 
excited) sensabons. We term these spectal conditions, because they 
stand in an exclusive relation to definite reproductions. They M into 
two dearly distinguishable groups, which we may term incentives to 
reproduction and materials of reprodnetion. The former comprehends 
the sensations which give occasion to the formation of a reproduction, 
covers practically the same ground as the current term ‘association.’ 
When a centrally exated sensation § appears m consequence of a peripheral 
sensation a, a is the incentive to the reproduction of p. The relation 
which must be assumed to hold between a and ^ we will call liahtlity 
of reproduction; and it will be part of our problem to discover the 
circumstances upon which it is dependent The second group of 
special conditions embraces the peripherally excited sensations, which 
(experience tells us) must have been produced for centrally exated 
sensations similar to them to be possible. We must have seen, if we 
are to be able to expenence visual memory images : there are no cen- 
trally exated visual sensations in congemtal blindness. These materials 
of reproduction are, therefore, always peripherally exdted sensations. 
The relation which obtains between them and the centrally exdted 
sensations dependent upon them we will call the fidelity of reproduction ; 
and we shall have to inquire into the circumstances which influence it 
In the present Section we will deal, first of all, with the incentives to 
reproduction. 
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3. If we are seated in a darkened chamber and suddenly catch the 
scent of a rose, we shall be apt^to think of the rose as an object of 
visual perception, t.e., the scent will call up the image of some rose 
previously seen There can be no doubt that this reprt duchon could 
not have been effected without ezpenence. We must at some time or 
other have had both contents in consciousness, the characteristic fra- 
grance and the visual idea of the flower. But it does not necessarily 
follow that this defimte flower was connected m our mmds with this 
definite scent; nor is it necessary that the visual unage arise at all. 
A judgment may be formed: “there are roses in the room” ; or we may 
recall a situation in which the scent of roses parhculady attracted oui 
attention, and so on. Which of these different possibilities is realised 
does not depend upon the sensation of smell, where that exerts any 
influence at all upon the character of the reproduced ideas, it does 
so only withm certam limits. If our sensible discnmination for scents is 
highly framed, the centrally exated visual sensation of a rose will be 
restricted to a defimte vanety of the flower, but even in this case the 
differences of form, of size, and of surroundmgs are so great that the 
reproducbon caimot be said to be really defimte and mdividual. So 
that, on the assumption that we have seen not only one but a whole 
number of rose blooms, that these perceptions occurred under different 
circiunstances, and that we have sufficient knowledge to name them, 
there is a friirly large range of variation for the conscious contents 
aroused by the olfactory sensation. Conversely, perceived roses of very 
different colour, form, and size may excite the same olfactory image or 
olfactory j udgment The same thmg holds of every other sensible quahty 
A tone does not necessarily recall definite tones or definite auditory 
perceptions, nor a colour defimte objects. The mdividual quahty of 
a centrally exated sensation is, therefore, by no means always guaran- 
teed by the quahty of the sensation which excites it. The character 
of the reproduced idea has a range of variation projxirfronal to the 
expenence of the subj'ect. 

4. Sensations obtam an mdividual sigmficance only when they 
enter into cormechon with one another or combme to form ideas 
But not every connection possesses an equally high d^;ree of mdivi- 
duahty. Thus the common chord of C-major, c — t —g — c', is but httle 
capable of arousing an idea of entirely defimte character. The ca- 
pacity IS most strongly developed in cases where the sensations have 
a temporal or spatial arrangement. A very bnef musical molt/, t.g., 
may give occasion to the imhesitating reproduction of a series of tonal 
ideas, and the idea of a human figure recall a definite situation of 
which it was part We shall probably not go far wrong in regarding 
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this individnal s^nificance of spatial juxtaposition and tempoial suc- 
cession as the pnnapal reason for the exceptional importance attached 
to them in the traditional doctrine of association and reproduction 
(§ 67. 3). In their case, we certainly do often discover an entirely 
individual dependency of idea upon idea, and can clearly trace the 
influence of previous eiqierience upon later reproduction. Moreover, 
it is characteristic of spatial and temporal colligation that its separate 
constituents have their mdependence and peculiarities emphasised, 
the distinctness of their apprehension essentially furthered, by com- 
Innation (cf { 3 4, and { 43$ And lastly, it is possiUe to perceive 
and to retam any considerable complex of sensations as a distmctive 
whole, only when its components are contiguous m space or time- 
Such a whole may be termed an ‘mtuition’; and we can understand 
why it is that space and tune are then designated the ‘forms of 
intmtion*, under which our sensible knowledge is comprised. Bui 
It cannot be asserted that temporal and spatial colligations are 
the only cormections which condition reproduction. They occupy 
an exceptional position m the series of possible connections, simply 
because they present particularly ftivourable drcumstances. Any con. 
junction of sensations in consaousness can, however, function as an 
empirical condition of reproduction. Thus our own instance of the 
reproduction of a visual idea by an olfactory sensation is a connection 
of psychical states which need not have origmated by way either of 
spatial or temporal colligation. 

5. This brings us to our first general result Snuations, wkkk 
have at tome ttme been together in contnoutneu, establith a liability of 
reproduction, so that when one of them is re-exdted, a sensation like 
the other (cf. § 29. 4) ordinarily arises. This ‘being together’ in 
consciousness, however, requires further explanation. It is not abso- 
lutely necessary that it be conscious, *.« , that the connection be itself 
perceived; but the more nearly the sensations present in conscious- 
ness approach to a umtarily perceived total impression, the greater 
IS the liability of reproduction. This explams the fact that compar- 
atively few of the large number of sensations simultaneously present 
possess or acqiure a noticeable habihty of reproduction. Here again, 
spatial and temporal colligation has a distmct advantage, m that the 
character of its total impression facilitates the comprehension of its 
contents. And this is of itself sufficient to prove that liability of re- 
production can present very different degreet. We have found here 
(1) that its intensity depends upon the nature of the conjunction or con- 
nection of sensations in consciousness, as making for or against a uni- 
tary apprehension and judgment This umtary apprehension, however, 
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IS furthered by a number of circumstances besides (a) spatial and 
temporal colligation Thus, {ft) the distance of the impressions hom 
each other m space and time is of very great importance. The great- 
est liability of reproduction is correlated with a direct conbgmty or 
succession. This law has been experimentally established by Ebbing- 
haus, in his excellent investigation mto the laws of memory for non- 
sense syllables, (f) The feet that impressions belong to the same 
or to different sense departments naturally influences their compre- 
hensibihty. Other things equal, die connection of homogeneous im- 
pressions means a greater habilify of reproduction than that of 
disparate. (</) The nature of the surroundings is to be mentioned. 
The more it difiers from the group of contents, the easier will be 
their unification, and the greater the liabihty of reproduction which 
it sets up. («) The character of the temporal succession of connected 
sensations has an effect upon then liabihty of reproduction. It is a 
familiar expenence, to which Ebbinghaus’ experiments have given a 
quantitative definition, that impressions which were received in a 
particular order of succession can be reproduced very much more easily 
m this than m the opposite order. (/) The existence of a name 
for the whole complex, or its independent reproduebvity, is naturally 
of great importance for the interconneebon of the separate consbtu- 
ents and their mutual effeebveness for cenbal excitabon. It is this 
which, in part at least, gives a speaal significance to the M»«^-idea, 
the idea of an object. Despite the complexity of qualities psycholo- 
gically contamed in it, its liability of independent reproduebon ren- 
ders the union and cohesion of these elements very close, (g) And 
lastly, individual differences of ‘memory type’ [types audits/, visttel, etc) 
are of considerable importance (cf §§69 2; 71.7). 

6. (2) The degree of liability of reproduebon inherent in a connec- 
tion of sensations is further dependent upon the attnbutes of the setuattom 
themselves. («) The more mdividual the quality of the connected con- 
tents, the stronger is the liabihty of reproduction of each by the others. 
The simple sensation, which (as we saw just now) can occur in the most 
various connections, does not as a rule possess any considerable 
effectiveness for central excitation. But more complicated processes, 
ideas, are often quite mdmdual in character, and endowed with a 
correspondingly high degree of liability of reproduebon. A distinction 
has been drawn, in experimental investigations of the rapidity of 
reproduction, between free and constrained associations, the difference 
being in essential that of the d^ee of definiteness of the connection. 
Taking the rapidity of assoaation in this sense as the criterion of 
liabihty of reproduction, we find that unequivocally definite, i.t., wholly 
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individual reproductions are effected most qmckly, while ambiguously 
defined reproductions, which have a limited range of variation, require 
a longer time, and free reproductions are the slowest of all. The 
limi t of variation is set for a particular experiment by a previous 
statement of the kmd of r^roduction reqmred. Thus a visual impression 
of colour can be made individually exatatory by the condition that 
the observer names or reproduces in imagination the colour which 
hes to the left hand side of it in the spectrum. This arbitrary 
limitation of effectiveness for central excitation is also useful as throwing 
light upon the fortuitous defimteness of a reproduction. That a given 
sensation actually arouses one single conscious content, out of the 
man y possible, is not due to anythmg in the sensation itself. The 
prmapal reason for the determmateness of the reproduction is that 
all the other processes present in consciousness combme to further the 
excitation of the content in question. The result is, therefore, always 
individueil, even though the special mcentives to it are neither obvious 
at the time nor discoverable by subsequent analysis. The degree of 
liability of reproduction m these apparently firee, but really constrained 
associations is, however, not so high as m the typically constrained form, 
because the intensity of the secondary influences in their fortuitous 
co'operation is apt to be far less than that of a condition expressly 
imposed, and because the miluences themselves may cut across one 
another, i.«,, tend to divert reproduction into different chaimels. 

7. (d) The degree of effectiveness for central excitation is depend- 
ent, again, upon the tnUnsiiy of the reproducing sensations. Not only 
do the more intensive members of a sensational connection acquire a 
greater liability of reproduction, but the intensity and distinctness of 
the reproduced !>ensation are dependent upon the intensity and dis- 
tinctness of the reproducing. We do not readily forget the time and 
place at which we were ‘so bitterly cold’ or ‘m such intense pain’ 
The authonty of many teachers over their scholars is mainly due to 
the intensity of the sound waves issmng from their vocal organs In 
psychophysical experiments we find that the promptness and certamty 
of judgment mcrease with increase of the magnitude of stimulus 
difference or of the clearness of stimulus quahty, etc. Here, too, 
belongs the fact that centrally exated sensations as a class are less 
liable to reproduction by one another than penpherally excited sensa- 
tions, and that the penpheral sensations have a much more prepon- 
derent influence upon consaousness. A striking instance of the latter 
statement is afforded by ‘StrOmpell’s case’. The patient showed a 
complete anaesthesia of skin and internal organs, and his remaining 
senses were so seriously deficient that the entrance of external stimuli 



aoi 


DOCTRINE OF ELEMENTS SENSATIONS. 


into consciousness could easily be prevented. If under these circum- 
stances he was debarred from making any extensive movements (although 
these agam did not evoke sensations), he inevitably fell asleep after a 
few minutes. Since Strttmpell observed and described this case, many 
similar experiments have been made on other persons with the same 
result It is noteworthy that StrOmpell’s patient came m time to object 
to the experiment, because, as he said, there was ‘nothing left of him.' ' 
We could not have a more convincmg illustration of the importance 
of peripherally excited sensations for ideation. — Evidence of the correct- 
ness of the general statement at the head of this paragraph is fur- 
nished in abundance by our everyday experience, so that we need 
not spend tune m substantiating it here. 

8. (r) The temporal and tpattal character of sensations affects their 
liability of reproduction in the same way as intensity. We have found 
it to hold elsewhere, withm certain limits, that the extension, duration 
and frequency of a stunulus are psychological eqmvalents of its 
intensity (cf., e.g., § 17. 2; § 18. 7; § 19. 7). Duration and frequency 
are of espiedal importance in the present reference. The longer a 
coimection of sensations is continued m consaousness, the greater will 
be the habih^ of reproduction of its terms. And the frequency with 
which a connection is repieated has a precisely sunilai effect We 
stand for a long tune looking at a famous picture, because we wish to 
be able to recall it in all possible distmctness of detail; and we fix 
a pioem in memory by ‘learning’ it t.e., by readmg and repieaUng it 
over and over again. This influence of duration and frequency 
manifests itself in two ways, like that of intensity. Not only do the 
more pieimanent and more frequent members of a sensational connection 
acquire a greater liabihty of reproduction, but the effectiveness of rm 
impression for central excitation is propxirtioiial to the length of its 
stay in consaousness and the frequency of its presentation to percep- 
tion. It is true that ideation gradually becomes exempt from modifi- 
cation by events of everyday occurrence, which sink to unconsaousness 
or (m physiological language) affect only the lower centres. But it 
is precisely when they have become automatic or reflex-bke that the 
effectiveness of these piersistent pieripheral stimuh for central excitation 
IS most certain and reliable. — The mfluence of frequency upxm liability 
of reproduction in the first sense of the term has received quantitative 
expression in expierunents by Ebbinghaus. A series of 7 nonsense 
syllables could be repieated without a mistake after a single attentive 
pierusal; a series of 12 had to be read over some 17 times. The 
number of readings necessary for accurate repetition inaeased at first 
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quickly, and afterwards more slowly, with increase of the number of 
syllables comprised in a series The experiments show, further, that 
the length of a series is inversely proportional to the d^;ree of liabi- 
lity of reproduction of any one term by the next following. It is 
interesting to note that, when the series of syllables ‘makes sense’, the 
number of readings necessary for learning it by heart is reduced about 
tenfold. Apart from the influence of rhyme and rhythm (the words 
learned were six stanzas of B3rron*s Don Juan), the increased liability 
of reproduction under these circumstances is mainly due to the defi- 
niteness of the intercormection of the separate terms of the series 
g. We have now surveyed, with approximate completeness, the 
whole domain of tmptncally tneittd reproductions, i.e., of what axe 
usually termed simultaneous and successive assoaabons. It may not 
be amiss here to repeat our previous statement that neither the repro- 
ducmg nor the reproduced sensation nged be identical with its empincal 
conditions,— that all that is reqmred for its relation to previous sen- 
sabons is a similarity, in the sense of partial identity or of shght difier- 
ence. If we denote this simiUuity, as before, by the correlation of Latin 
and Greek letters, we can say, therefore, that a connection of the 
sensations a and h may be the incentive to the reproduction of h by 
a and of a by b, to that of (J by a and « by h, or to that of (t by 
a and a by ^ No accurate determination has been made of the 
influence of the degree of similanty upon liabihty of reproducbon. It is 
hardly necessary to enter a special caution against the confusion of 
this use of similarity with the meanmg which it has in the phrase 
‘assoaation by sunilanty’ (§ 29, 7) 

The second class of reproductions, besides the empirical, mcludes 
what we may call free reproductions We have already given some 
account of them (§ 29. 2, 3) They consist (1) of spontaneous ideas, 
the reahty of wluch is vouched for by mtrospection, and can scarcely 
be disputed, and (2) of centrally excited sensations which can be 
shown never to have been together in consciousness with the process 
that exates them, and which are not either similar to any process 
which has been connected in the past with the reproducing sensa- 
tion. (r) The special conditions of spontaneous ideas have not been 
investigated, even where they might seem to be accessible to introspec- 
tion Indeed, it would probably be difficult to subject them in any way to 
systematic experimentation, since they owe their very existence to acci- 
dent, and introspection can hardly be adequate to define their peculianties. 
On the other hand, our consideration of the materials of reproduction of 
centrally exated sensations will bring to light a number of more general 
conditions valid for spontaneous ideas, as for all other simila r processes. 
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10. (2) The second group of free reproductions embraces all those 
cases in which a new quality or a new complex of quahties is effect- 
ive for central excitation. Our mvestigation of them is greatly simpli- 
fied by the fact that we may assume the possibihty of them mclusion 
under the general schema to which we have referred the empmcally 
conditioned reproductions When we were formulating this, we found 
that not only sensations identical with those which had formerly been 
in consciousness, but also sensations which were similar to previous 
sensations, were capable of reproducmg one another. No other 
postulate is needed for free reproductions, as we have defined them. 
They, too, are shown by expenence to be excited simply by sensations 
similar to Others which have been at some time coimected with them. 
No impression is absolutely strange to consciousness; every new 
impression, that is, will be somehow similar to one or more past 
experiences. To give explicitness to this aspect of firee reproductions 
m our schema, we will use indices to denote similanty to the pro- 
cesses symbolised by our original letters. Let a,, a,, a„ be peri- 
pherally excited sensations, similar to a previously expenenced sensa- 
tion a, and by, b^, b^ sensations related to an earlier sensation b, 
and let « and ^ ^ the centrally exated sensations simil ar to a and 
b Then fi can be exated not only by a or « (empincally incited 
reproduction), but also by a^, a,, a, (free reproduction); and a in 
the same way, not only by b and (t, but also by by, b^, b,. All that we 
have said of the mfluence of the attributes of sensation upon liability 
of reproduction will now hold, with slight modifications which need 
not here be p2irticulansed, of these cases of free reproduction. Since 
centrally exated sensations show a less degree of qualitative differentia- 
tion than penpherally exated (§ 28 4), it is not surprising that the same 
a or p can be reproduced by a whole number of discriminable peripheral 
impressions. Moreover, it is not impossible that a be transformed into 
uy, Of, a, ; and it can then happen that the same b reproduces different a 
This IS the more likely, as the total surrounduigs of a centrally excited 
sensation may exert an influence upon its character (§ 30. 5). 

11. The degree of similanty which must or may be assumed for 
the occurrence of a free reproduction carmot at present be estunated. 
But it seems indubitable that a certain similarily must exist between 
the effectual incentive to a free reproduction and other previous expe- 
riences, related to the centrally excitable processes in question by some 
liabihty of empirical reproduction. For when once this similarity 
sinks below a certam (not definable) lower limit, what may seem to be 
the occasion of the appearance of definite reproductions proves not 
to be their actual mcentive. Instances are suffiaently common. 
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I reqnesttd an observer to look mto a spectroscope, with the remark that be 
would see violet, when, as a matter of liu:!, only yellowish green was visible. He 
at once stated that he saw bluish green, but immediately corrected himself, and 
dedaied that it vras yellowish green. The mcentave to reproduction m the judg- 
ment 'bluish green’ was certainly not exclusively the yellowish green actually seen * 
the difieience between the two colour tones is too considerable for the same 
specific name to be reproduced by them. The judgment, then, was plamly due m 
part to the precedent suggestion of 'violet*. 

This distortion of recorded judgment in consequence of subjective 
prepossession or other circumstances, is not infrequently noticeable 
in psychophysical experiments, and constitutes another reason for the 
employment of trained and careful observers (§ 2) Many illustra- 
tions are afforded, also, by the phenomena of the recollection of com- 
plex processes. It is, of course, doubtful how far the judgment of 
the observing mdividual may be regarded as an adequate criterion of 
the effectiveness or significance of a sensation as an mcentive to 
reproduction. Certain cases of ‘spontaneous’ ideation may, perhaps, 
be referred to empirically incited or free reproductions; the really 
exdtatoiy sensations or ideas having escaped cognition or recogmtion 
as incentives to reproduction We have seen that recognition is by 
no means always reliable (cf. § 27. 7): so that the hypothesis is not 
altogether improbable 

f 81- Blaterials of Reproduction and Fidelity 
of Reproduction 

I The materials of reproducUon constitute the factual basis of 
the dogmatic behef which we referred to above (§ 27 i), that the 
memorial attnbute, reproducbvity, always implies a repetition or revival 
of a previous perception. Experience seems to ju^ufy the inference 
that there would be no centrally exatod sensations, if there were 
none peripherally exated. But the process of reproducbon is nothmg 
so simple as a mere renewal of a precedent exatahon. We have 
seen (§ 28. 5 ff.) that recollection, for which this hypothesis was 
thought to be necessary, is explicable without it And there is at 
present no proof that it accords with the facts (§ 27), while there 
are very definite indications that centrally exated sensations are not 
immutable weaker copies of earlier peripheral sensations (i) Fust 
and foremost of these is the fanuhar phenomenon of forgeifitlness 
We ‘forget’, when we are mcapable of recollecting an experience. 
This incapacity need not depend upon an abrogation of ‘memorial 
images’: recollection is an ambiguous term (§ 27 9) For us, how- 
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ever, it is interesting only when really based upon an alteration of 
the centrally exdted sensations themselves. 

2. There can be no doubt that complex impressions undergo 
alteration of this kind. Figrchologists have often desenbed the breaking 
down of ideas, their fading away, their passage into vague and blurred 
contents. These terms certainly do not express a mere weakening 
of the same impression: they denote a concomitant, more or less 
radical change of its quahty. But simple qualities also lose their 
individuality, in this process of forgetting; fine shades of difference 
become mcognisable, and fusion with other quahties takes place. 
There results what we may call an abttract tdea — however dubious 
the term may seem after Berkeley’s trenchant criticism. It would, of 
course, be wrong to assert the possibility of an abstract idea which 
had absolutely no specific characters, no quahty, no form, etc. But 
there undoubtedly are abstract ideas in the sense of centrally excited 
contents which can call up a large number of peripherally excited 
sensations, which lack the definiteness and distinctness characteristic 
of these latter. They have peripheral analogues, which can be pro- 
duced qmte easily under suitable eiqierimental conditions If a colour 
stimulus, is allowed to act upon the eye for a brief instant of 
time, what is seen is no more than *a flash of light’, which it is wholly 
impossible to define further; if the duration of the stimulus is some- 
what increased, it is cognised as a colour tone, and not merely as 
br^htness, but its quality may be quite widely mistaken, >.c, it may 
be very differently interpreted This want of individual clearness is 
found in all centrally excited sensations which fall a prey to the 
change involved in forgettmg; indeed, in a certain measure, it is one 
of their regular attributes in the normal consciousness And it is this 
which we mean when we speak of an ‘abstract’ idea. The importance 
of the process for the formation of concepts Ls obvious (cf § 29, 7) 

3 (2) There is another Eset to mention, besides that of forgetfulness, 

in evidence of the independent variability of centrally excited sensations 
It is, the manifold influence exerted upon them by other consaous 
contents. Here agam, complex impressions show the clearest traces 
of central modification. New combinations are constantly being formed 
among reproduced processes, connections are severed, and separate 
ideas connected; elements are exchanged, and forms remodelled. 
The pranks of the dream imagmation furnish a suffiaency of striking 
instances. But simple qualities do not either remain unaltered by 
their new connections; they adapt themselves more or less to theu 
changed significance; and the result may be, that a sensation of really 
peripheral origin; yrhich at first imprinted a clear unage upon our mind, 
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is believed to have never formed part of our previous experience. It 
is obviously difficult to bring examples; but careful introspection will 
hardly fail to reveal cases of the kmd. They cast no doubt, however, 
upon the general dependency of centrally excited on precedent peri- 
pherally excited sensations. The congenitally colour blind have no 
idea of the colours which they do not see; and the deaf-mute who 
has never spoken or heard has no ‘images* of speech or hearing. 
The converse fact, that the child who is accidentally bhnded in the 
first years of its life retains certain visual ideas through manhood and 
old age shows for how long a time the after-effects of peripheral 
excitations may be reproduced with some degree of fidelity. In what 
follows, then, we shall attempt to enumerate the conditions of this 
fidelUy of the memorial image, meaning by ‘greater’ or ‘less’ fidelity its 
greater or less similarity to the peripherally excited sensation upon 
which it appears to be directly dependent. Connected with this is, 
probably, the greater or less facihty of the particular reproduction, or 
(to use another phraseology) the d^ee of our preparedness or disposi- 
tion for certain ideas 

4. (a) The first of these conditions is the quality of the peripherally 
excited sensations. The more widely a peripherally excited sensation 
differs fixun sensations already expenenced, the more nearly will its 
reproduction resemble it. This proposition is plainly analogous to 
that which we formulated above (§ 30. 6) with reference to the degree 
of liability of reproduction. We there found that individuality of 
character of the sensational cormection {ia., a slight degree of liabihty 
of confusion with other connections) carried with it a comparatively 
high degree of liabihty of reproduction Here, in the same way, the 
distmetness of a quahty, its sufficient difference from other quahUes, 
imphes that the centrally exated sensation which it originates has 
but slight tendency to vary from it. A ‘striking’ impression leaves a 
true image of itself in memory. Connected with this is the fact that 
qualities of the same sense run but httle risk of serious alteration, if 
they differ considerably among themselves* pressure and temperature, 
t.g., or the specific qualities of taste, or sensations of brightness and 
saturated colours. Where, on the other hand, the qualities are closely 
related, passing into one anothn by gradual transition (green and 
greenish blue, or tunes of nearly similar pitch), the centrally exated 
sensations possess but little fidehty or permanence. ( 3 ) Intensity has 
an effect upon these attributes. The more mtensive a peripherally 
excited sensation, the greater is the fidelity of the coresponding cen- 
trally excited sensation. It is an everyday experience that, other things 
equal, memory is more retentive of intensive than of weak unpressions, 
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whatever their character, (r) The Umporal and spatial character oi 
the penpheraUy exated sensation exerts a similar influence. Wide 
extension or peculiar form increases the reproductivity of a quahty. 
The effect of duration and frequency upon fidebty of recollection is 
well known. Every lesson that we learn shows the importance of repe- 
tition for the retention of a memorial image. And apart from the 
intensification of the liabihty of reproduction which occurs in ‘learning’, 
an impression will 'fix itself’ better in the mind, when its imprmt is 
the result of repetition In practice it is, naturally, difficult to separate 
the two processes. Ebbmghaus found by experiment that the capacity 
to reproduce a series of attentively read nonsense syllables increased, 
within certam limits, in approximate proportion to the number of 
repetitions. 

5. No other systematic experiments than these of Ebbinghaus 
have been made upon the dependency of fidehty of reproduction on 
the character of the peripherally excited sensations which reproduction 
presupposes. We have valuable researches upon recogmhon and vanous 
functions of memory ; but they all deal with somedimg quite different 
from the laws and processes whose outlmes we have sketched m the 
present discussion. Thus, the experiments of A. Lehmann upon durect 
and indirect recognition tell us something of the permanence and 
degree of liability of reproduction m different cases It was found, 
t.g., that those brightnesses were best cognised which possess definite 
names (light gray, dark gray, etc.), that only 7 p.c. of a large number 
of judgments of 62 different scents showed a direct recognition m its 
pure form, etc. But to assume that in all cases, where a sensation 
a of peripheral origin is to be judged as like or unlike a previously 
expenenced sensation b. a is compared with the memorial image of 
b (in our terminology, §), and the relative certainty and correctness 
of the judgment depend upon the fidehty with which p reproduces b, 
is to set iq) a hypothesis which, so far as we have been able to 
find, does not really express the facts. The judgment ‘like’ or 
‘different’ is generally passed quite as directly as the judgment 
‘known’ in (technically) duect recognition. In neither case is a com- 
parison instituted with a centrally excited sensation, — the quahty of 
which, moreover, in the sphere of brightness sensation, is usually 
very different indeed from the quality of the peripheral exatatioiL 
If we reserve the term ‘mdirect’ for comparison mediated by repro-> 
duction, or involving any other conscious apphcation of empirical 
criteria, this particular form of recogmtion must be referred in most 
cases to a direct comparison. Direct comparison occurs, again, in 
experiments upon sensible discrimination for successive stimuli, which 
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has also been wrongly interpreted to consist in the comparison of the 
present impression with the memorial image (all that is left) of the 
preceding. This view explains the tune error of the experiments 
(cf. § 6. 9) as due to the natural weakness of the memorial image m 
comparison with the vividness of the sensible impression. But if the 
explanation held, the error must be least with weak and greatest 
with strong stimuh, and always take the same direction. The fticts 
are otherwise. It is only with weak stimuli that the time error has 
the significance which the theory ascribes to it, ».», that the second 
impression appears the stronger; it then decreases, and with very 
strong stimuli changes its direction entirely, so that the second stunulus 
actually appears the weaker. It follows, therefore, that there is no 
mediabon of a comparison by the memory unage, but that judgment 
is passed immediately after the perception of the second stimulus, 
just as in direct recogmbon. 

6. It seems, therefore, that neither Lehmann’s experiments upon 
recognition nor those of Wolfe (carried out by quite similar methods) 
upon tonal memory can tell us anjfthing of the fidelity of centrally 
excited sensations. The judgments are passed altogether indqiendently 
of them. We have rather to explain direct comparison and direct 
recognitirn somewhat as follows, (i) In many cases, the direct form 
IS a deiivative of the indirect The transformation is due to the 
working of a law of txduston of intermediate terms, which plajrs a 
large part in the determination of ideational connection in general. 
It may be formulated in this way : when a simultaneous or successive 
connecuon of three contents, a, h, and e, has established a liabihty 
of reproduction between a and c, c gradually comes to be excited 
directly by a, without the mtermediation of b. This ‘short cut’ 
through expenence is of immense importance both theoretically and 
practically for the rapid advance of knowledge And we have an 
mstance of it in the passage of mdirect recogniUon and comparison 
into the direct forms. (2) ‘Like’ and ‘different’, ‘known’ and ‘un- 
known’ are all concepts of relabon. They can never be predicated 
of a content as such, but only of it as related to other contents. 
As, however, no other contents play a conscious part in direct com- 
parison and recognition, we must imagine that equivalent physiological 
processes, not at present definable, combine with the perceived 
impression to reproduce the judgments. In other words, we have 
always to presuppose the co-operation of a central excitation, which 
may either be already present when the stimulus of comparison is 
given (as in anticipated and purposive recognition or comparison), 
or is excited by it (as in unanticipated recogmbon and comparison). 
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This central excitation need not be a residuum of the sensation caused 
by the standard stimulus or object of reference; it may be the eqm> 
valent of other contents subserving comparison and recognition. It 
will, therefore, hardly be disputed that experiments involving an inten- 
tional comparison of a given impression with an impression previously 
experienced can tell us nothing of the fidelity of memorial images 
but for the most part simply indicate the liability of reproduction exist- 
ing between sensation and central excitation (the after -efiect of the 
previous impression or of any other indirect criterion) on the one 
hand, and a particular judgment on the other. 

7. On die other hand, these experiments, as well as certain series 
taken by Ebbinghaus in the course of his investigations of memory, 
may be appealed to for information upon another point, — the influence 
of iimt (!.«., of the time interval) upon the liability of reproduction. 
We know fi-om experience, that the longer the time which has elapsed 
since a particular event, the more uncertain and incorrect is our recol- 
lection of it. It is with this law and its exact formulation that ex- 
periments upon recognition, memory, etc., are principally concerned. 
If we term the weakening of recollection ‘forgetfulness’, and measure 
forgetfulness either by the work necessaiy for the complete restitution 
of the recollection, or by the number of correct judgments formed in 
the process of determinate recognition or direct comparison, we may 
say in general that forgetfulness increases at first quickly and then 
more slowly. Ebbinghaus and Wolfe discovered a loganthmic relation 
for it, which is stated by the former as follows * the quotients of reten- 
tion and forgetfulness (of the time saved in and required for relearn- 
ing) are inversely proportional to the loganthms of the times passed 
since the first learning ' This agreement in experimental results shows 
clearly, as against the various opinions of philosophical psychology, 
that forgetfulness really exists, and that its existence cannot be invali- 
dated by the all^tion (supported merely by an indefinite ‘ experience*) 
that what seems to be forgotten only needs the right occasion to 
reappear with entire fidelity. But nothing can be inferred fiem the 
experiments as to an obscuration and weakening of memorial images, 
or a crumbling of their connections, for the simple reason that these 
‘images’ are neither the materials of judgment in direct comparison 
nor the necessary incentives to motor activity in subsequent repetition. 
Here again, we must rather emphasise the variety of the processes actually 
involved, as we did before m the case of recollection (§ 28. 7). 
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S 8a. The General Conditions of Centrally Excited 
Sensations. 


I. (i) The most important of the general conditions of reproduction 
IS, undoubtedly, the state of atientton. Unfortunately, its significance 
for special acts of recollection, reproduction, etc., has not been tho- 
roughly made out We do not know, in particular, how tax what is 
ordmanly called 'a^ciation’, and what we ourselves have somewhat 
mconsistently termed reproduction, can be brought about without the 
co-operation of attention. We find, however, that its action is two- 
fold; it renders the incentives to r^roduction more effectual, and 
gives the materials of reproduction a greater consequence. In other 
words, it enhances the assoctabtltfy and nproductivity of sensations 
Instances of this influence are sufficiently common: all the rules which 
we have laid down for the special conditioning of centrally excited 
sensations are based upon the implicit assumption that the processes 
which they cover are experienced m the state of attention (cf. § 5. 2, 3). 
Hence it is impossible, at present, to say with any degree of cer- 
tainly, how associability and reproductivity would be affected if we 
abstracted from the i^uence of attention. That it is not the only 
condition operative is indicated by two sets of facts; («) the fiuniliar 
expierience of ‘not catching’ a question, and then recollecting and 
being able to answer it after some interval of time, or of ‘overlook- 
ing’ a constituent of the field of vision, and yet reproducing it with 
more or less fidehty; and ( 4 ) the impossibihty of the reduction of all 
the difl!erent effects of the special conditions of centrally excited sen- 
sations to their effects for attention alone. In any case, however, it 
is desirable to collect observations, and if possible make special expe- 
riments upon a point of such importance for the theory of centrally 
exated sensations. It is certain that the influence of attention can 
hardly be exaggerated. Everyone knows how little the inattentive 
repetition of a lesson does for its retention. Fechner observed that 
the memorial afler-tmag*, as he called the voluntary reproduction of a 
recently perceived impression, appeared only if the object of perception 
had also been the object of attention, and contained only those con- 
stitueiits of the perception on which the attention had been particu- 
larly directed. In psychological experiments upon association, again, 
it is often remarked that the associability of two visual objects which 
are perceptible together for a short time is essentially dependent upon 
the degree of attention with which the connection of the impressions 
was regarded. We cannot here miter into the special factors comprised 
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under the general name of attention: we shall treat of them in the 
third Fart of the book (§§ 72 ff.) 

2. (2) Besides attention, praciic* and fatigu* have a general influ- 
ence upon associability and reproductivity. We discriminated above 
between general and special practice and fatigue (§ 5. 9), and can 
apply the distinction agam in the present connection. The hicts which 
belong under this rubric are those of the ‘trained,’ ‘oveistodced,’ 
‘worn out,’ etc^ memory. The more general practice we have had in 
learning by heart, the easier is our retention of a particular lesson ; but 
different qualities and different arrangements require a further and more 
qiedal practice. The various ‘types’ of memory, memory for names and 
figures, for colours and tones, etc., are in great measure referable to 
special practice in these classes of centrally excited sensations, itself 
due to inclination or opportunity. The schoolboy who whistles every 
melody that he hears does not thereby improve his memory for 
colours or forms, words or odours. The various types of sensible memory 
(§ 5) altogether individual development, just as physical 

training can be exclusively directed to a particular part of the body. 
It is the same, again, with the influence of fatigue. The general 
relaxation which we experience after a sleepless night weakens asso- 
dabili^ and reproductivity in all sense departments alike. But the 
fatigue of memory produced by persistent occupation with a particular 
object need not extend to other objects ; indeed, it may change to an 
undiimnished vigour, when attention is turned to a wholly different 
complex of processes, dependent upon other conditions. The more 
extensive the draft made upon the sensible memory by a given 
occupation, the more general is its consequent fatigue. Mental work, 
which involves the most diverse consaous processes, is, therefore, 
productive of general fatigue. It is again impossible to say with 
certainty whether these processes influence assodability and reproduc- 
tivity directly, or only indirectly, »>, by way of attention. The 
abnormal increase of central excitabihty at a certain stage of fatigue 
(evidenced by vivid dreams, multiplication of illusions, etc.) seems to 
indicate that the diminution of assodabihty and reproductivity resulting 
firom fatigue does not affect the central sensations themselves so much 
as the arrangement, connection and direction which are normal to 
them under the guidance of voluntary attention. An analysis of the 
influence of practice leads to a similar conclusion. We must, there- 
fore, suspend judgment upon the question whether practice and 
fatigue are conditions of centrally exd^ sensations co-ordinate with 
attention. 

3. (3) The same holds of the fitlingt of pleasantness and unpleas- 
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antness. We can, it is trae, lay down the general rule that the asso- 
dability and reproductivity of sensations are greater, the more vivid 
the feelings connected with them, but we carmot say with certainty 
whether a direct functional relation obtains between feelings on the 
one hand, and associability and reproductivity of centrally exated 
sensations on the other, or whether the feelings are simply concomi- 
tant processes, imphed m every high degree of attentional concentration, 
and in that way acquiring an apparent influence of their own upon 
association and reproduction. It must, consequently, remain doubtful, 
whether the feelings which accompany, t.g., a peripheral impression, 
are themselves the conditions, promoters, or mediators of its mfluence 
upon the train of ideas, or whether the increase of attention which an 
affectively toned impression regularly commands is the really unportant 
&ctor. The facts are familiar enough. Pleasure and mterest in an 
object increase the capacity of memory both in the child and in the 
adult, and unpleasant impressions leave a deep imprint and are recalled 
with great fidelity. The influence of the two qualities of affective tone 
upon the reproductivity of sensations would seem, therefore, to be the 
same. Their effect upon associability, on the other hand, is different, 
pleasantness being a deaded incentive to aquation, and unpleasant- 
ness a hardly less decided preventive of connection A sensation of 
strongly unpleasant tone elbows its way into consciousness, so to speak, 
and leaves no standing ground for other ideas. 

The most indehble impression of melsncholy which I received fiom s visit to 
a Imuhc asylnm was nude by • middle-aged woman aCBicted with melanchoUa. 
She sat motionless iqion a chair, her featnies wearmg a look of intense sadness 
and bitterness, her head sunk, the eyes seemmgly fixed npon the one mevitable 
horror wluch she oonld not even name. Bat instances are not wanting m ordinary 
life. The monmer prefers to dwell npon his gnef m sohtnde, where he is not 
compelled to straggle against exdtmg impressions, bat can nnrse his sorrow nnhin- 
dered until the spell is broken by s salntaiy ezhansbon. 

Pleasurably toned sensations show something of the same character. 
A very mtensive feeling of pleasure may bring about a temporary 
paralysis of consciousness, though the condition lasts only for a very 
short time. As a general rule, however, pleasure means commumca- 
tiveness and enlivens the course of thought, hurrying it from image to 
image, from scene to scene, from action to action. The flight of ideas 
in mania, due to an excessive cheerfulness of mood, is thus the precise 
opposite of the insistent brooding of nulancholia. 

4. A question of especial importance in this connection is whether 
the feelings of jfleasantness and unpleasantness may of themselves 
determine the comse or the quality of a train of ideas, i.t., are to be 
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classed among the processes directly subserving ideational excitation. 
It is generally held that the associability and reproductivity of a sen- 
sation ^u:e modified by its attendant feelings, but that these cannot be 
looked upon as independent causes of reproduction. It is, agam, 
hardly possible to decide the matter at the present time. But there 
are certain observations which point to the necessity of the recognition 
of feeling as a real mcentive to reproduction, (a) It is an everyday 
experience that a cheerful impression recalls other cheerful impressions, 
and depressing circumstances others like them, {p) In mama cind 
melancholia the predominant mood (pleasantness or unpleasantness) 
determmes the course of the train of ideas , nothing is reproduced which 
does not stand in connection with the affective disposition; 

Thu fact showed itself very strikingly in a case of hashish poisoning which I 
had opportunity to observe. The emotions of the moment seemed to have usurped 
the actual direction of the coarse of ideas m consciousness. The patient was not 
at all incapaatated for mtrospection, and hu subsequent recollection of the details 
of his case was very accurate. He himself noticed and emphasised the importance 
of the affective disposition. The excitement under which he generally laboured 
gave occasion to a whole senes of more or less incoherent reproductions, ongmat- 
mg (as he said) simply and solely in the affective state. Fits of depression and 
intervals of keen anxiety, by which it was mterrupted, immediately dianged the 
course of the ideational movement. The observation is, of course, by no means 
aneqaivocaL For («) we might analyse thu ‘reproduction by feelmg’ as we have 
already analysed ‘assocution by similanty’. It might be referred, m parbcnlar, to 
the category of reproduction mediated by snbshtnbon (cf. § 29, 6). In thu 
event, feeling would undoubtedly possess an importance of its own for the origin- 
ation of centrally exdted sensations; it would be the persistent identical element, 
which arouses a new idea whose similar has previously been together with it in 
consdousness, and which u thus the leptoducmg iiudor m the complex. But (fi) we 
might also imagme that not the feehngs, but the concomitant movements which 
are so accurately adjusted to express them, and which are correlated with definite 
organic sensations, were the reproductory agents, (y) Both explanations assume 
that the reproduction was not effected by way of some sccondaiy character of 
sensation or idea; but the correctness of the assumpbon u not by any means certain. 

5. (4) Lastly, there is to be mentioned the dependency of centrally 
exated sensations upon the totff. By ‘will’ we understand here not a 
new elementary quality of consciousness (the evidence for which we 
shall discuss in § 40), but what is caUed ‘will’ in the language of every- 
day life and of modem psychology alike— the capacity which the 
individual possesses to detenrune his own attitude and action, internal 
and external. Wundt has shown that will and attention are intunately 
related, and has employed the term appeneption to denote their com- 
mon constituent We cannot now enter into the details of the apper- 
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ception controveray: it is sufficient for our purpose to point out that 
apperception itself is obviously not a speculative construction, or a 
metaphysical faculty, or any other of the objectionable things which 
hostile critics have represented it to be, but an expression for undeniable 
facts of consciousness. If we did not possess the capacity of will or 
attention or apperception, whichever we call it, consciousness would 
be at the mercy of external impressions (which we have found to be 
ordinarily stronger than any class of reproduced sensations), thinking 
would be made impossible by the noisiness of our surroundings, etc. 
The normal individual must, therefore, be able to open a free path 
to certain ideas and movements, while he inhibits certam others; 
to determine the direction and character both of his thoughts and of his 
bodily movement. But the question as to the influence of this capa- 
aty, will, on the origination of centrally excited sensations, can hardly 
be answered without a more precise statement of the particular pro- 
cesses comprised under the general name, and a more concrete defl- 
mtion of the name itself. We may, therefore, bnefly remark that we 
regard the activity of will as the expression of the totality of previous 
expenences, in all the degrees of authonty and consequence which 
they have acquired in accordance with universal psychological laws, 
and with all the weight of influence which distinguishes the old and 
proved from the new and strange. It is for the most part but a small 
and fragmentary measure of this that finds its way into consaousness : 
the reserve of energy which gives efficacy to will hes below the con- 
scious limen. Even this short account (the detailed investigation and 
exposition follow m §§ 40 and 77) will be enough to put it beyond 
doubt that will— a capacity which sums up in itself the whole course 
of individual development— must be a condition of exceptional import- 
ance for the course of centrally excited sensations. As a matter of 
fact, we can by its assistance reproduce an idea or suppress a repro- 
duction or divert associability into a definite channel. The product 
of volition is, of course, not a creation out of nothuig, though it may 
sometimes present this appearance to introspection, when the particular 
determinants of will and of the ideas willed do not emerge from the 
limbo of the unconsaous, of physiological processes. This bare state- 
ment must suffice m the present connection. We need only add that 
what are called the mental dtspontionx (logical or mechanical memory, 
inductive or deductive intellect, receptive or constructive imagination, 
talent, etc. : cf. § 39. 6( may also be looked upon as ultimate general 
conditions of centrally excited sensations. They, too, are forces, which 
appear m the course of individual development, but which are only 
fr^;mentanly accessible to intm^iection, though the name is further 
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used to indicate special inclination for certain classes of internal and 
external activity. Whether they require individual mention, over and 
above the special conditions, is a question which it is impossible to 
answer. 


S 88- Theory of Centrally Exdted Sensations. 

I. There are three considerations which convince us that the 
conditions enumerated in the two previous sections do not constitute 
an 2idequate theory of centrally excited sensations (i) ‘Spontaneous’ 
ideas cannot be explained by any of the special conditions hitherto 
formulated. For they are distinguished from other reproductions by 
the absence of a conscious incentive to their arousal; and all the 
conditions which we have mentioned have been explicitly gained by 
abstraction from mtrospection. (2) The process of direct sensational 
comparison shows that the dependency of reproduction upon precedent 
conscious impressions must not be mterpreted to mean that the 
origination of centrally excited ideas is the exclusive function of 
peripheral stimuli whose effect is discoverable by introspection This 
and many other instances of ‘unconsaously ’ mediated reproductions 
prove that our ‘special condihons’ (§ 30) are not absolutely necessary 
presuppositions of centrally excited sensations. (3) And the last few 
decades have fairly overwhelmed psychology with cases of pathologiceil 
derangement of memory, association and reproduction, in a large number 
of which direct anatomical and physiological disturbances have been 
demonstrable, while the general character of all prevents their 
explanation in any other way. If we refuse to admit the validity of 
physiological mterpretation, we shall be compelled either to give up 
the facts as enigmatical, or to take refuge in metaphysics or mysticism. 
In neither event is justice done to the scientific problem. We must, 
therefore, face the consequences to which these facts lead, although 
we can state them only in outhne 

2 Disturbances of memory are of very various kinds We may 
classify them under the heads of general and tpecial derangement. 
The former illustrates the effectiveness of the different materials of 
reproduction of centrally exated sensations (§ 31); the latter serves to 
explain and elucidate the special conditions of reproduction ( § 30). Ge- 
neral disturbances of memory are not limited to any single sense depart- 
ment, but bring about a diminution of recollective capacity in all. 
This diminution appears under normal circumstances with advancing 
age, and runs its course in obedience to definite laws. At first, 
the newest impressions are the most easily forgotten; then the store 
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of ideas gradually disappears, in the order from more recent acquisi- 
tion to more remote. The subject’s vocabulary is also narrowed m 
a peculiar way: substantives are forgotten more quickly than verbs 
and adjectives, proper names more quickly them common, concrete 
terms more quickly than abstract All these stages of forgetfulness 
appear also in transient or permanent derangements of memory caused, 
*•£•> by violent concussion of the brain. The facts tell us nothing 
new. they are simply hesh instances of the special and general 
conditions of centrally excited sensations which we discussed above 
( §§ 30 — 32). They are especially mdicative of the influence of 
frequency of reproduction, the individual significance of the impression, 
attention, etc There is, however, one point which, if not explained 
by reference to attention or fatigue (and the explanation is doubtful), 
takes us at once to conditions not accessible to mtrospection: the 
point that in old age the latest and newest impressions are worst 
reproduced, while in childhood, other things equal, they have the 
advantage over all others We will group these conditions together 
under &e general heading of a retardation of nervous processes 
correlated with decay of the orgamc functions The retardation, 
which may depend upon a reduction of metabolism, must obviously 
be greatest where the exatations are following wholly new paths, and 
will gradually affect more accustomed processes, inhibiting always 
that which offers the least resistcUice. 

3. Another instance of general derangement of memory is furnished 
by the phenomenon of double consciousness or the divided self, 
observed in cases of hypnosis, hysteria, etc It is characterised by 
the existence of a more or less complete separation of two aggregates 
of conscious processes, which alternate at certain intervals or can be 
called up in irregular sequence by favourable conditions. The two 
aggregates are oftentimes of enhrely opposite character. An mdividual 
whose behaviour is normally senous and decorous shows himself, in 
his new circle of ideas, frivolous and impudent The ‘two mmds’ 
succeed each other without conflict; frequently they know nothing of 
each other. All those Actors m the mental and physical attitude 
and conduct of the mdmdual which we call consaence, taste, 
prinaples, etc , seem to persist in the one self with unchanged inten- 
sity and unimpaired influence, while in the other they are either 
destroyed or transformed into their opposites. We dte these facts 
in the present connection, because from the purely psychological 
standpoint they are in the last resort simply phenomena of memory. 
It has been suggested that the importance of the common sensations 
and of the general mood or temper of mmd which reflects the 
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State of the whole body is such as to mark them out as the 
nucleus or substrate of these conscious aggregates. Attention has 
also been called to analogous divisions of the normal consciousness 
occurring, *.g., when we carry on a conversation while composing a 
letter. However it may be with these hypotheses, the two selves 
constitute two more or less independent curcles of ideas, mediation 
between which is prevented by some reason inaccessible to introspec- 
tion. Here again, then, we are forced to the assumption of physio- 
logical conditions. But we cannot at present make any probable 
conjecture as to their character. 

4. The general disturbances of memory which extend merely to 
expenences subsequent to a particular event or comprised within a 
definite penod are absolutely inexphcable by a psychology which 
refuses to pass beyond introspection mto physiology. These tem- 
porary obscurations of memory have been not mfirequently observed. 
Sometimes they are confined to the sense impressions received and 
the knowledge acquired during the particular time, while the actions 
which had become automatic are not affected; at others, they include 
every acquisition whose date falls within it Sometimes again, a pre- 
vious expenence intervenes between new impressions, but is not judged 
as familiar. All these cases of more or less complete loss of the 
capacity to recollect precedent experiences require for their saentific 
explanation a dependency of the reproductivity of sensations and 
ideas upon some set of nervous processes. The lost memory is 
often fully restored after a certam lapse of tune, so that there can 
be no question of senous anatomical derangement. Indeed, m the 
majority of instances the disturbance must be regarded as purely 
functional. This view is confirmed by the number and variety of 
special symptoms in amnesia. Disturbances of speech, in particular, 
have been very carefully studied, and show almost every conceivable 
type of isolated inhibition of the recollecUve capaaty. Besides pure 
motor aphatia, which is of no interest to us here, there is a great 
diversity of sensory forms. One patient (alexia) will be more or less 
completely incapable of translating written words into speech move- 
ments, t.e., of ‘reading’ in the ordinary sense of the word, although 
he can repeat what he hears quite correctly; while another suffers 
from more or less complete abrc^tion of the cormection between 
audition and qieech, although he can read without trouble. Or 
again, audition and vision may be convertible mto spoken words, 
while there is more or less lack of understanding of what is read 
and repeated. Yet again, pathological cases are known where wrong 
letters or words are constantly employed, consciously and uncon- 
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sdously, in reading or repeating what has been heard, and in volun- 
tary speaking. All these disturbances appear to be also possible in 
the translation of vision, audition, or speech into the movements 
subserving wnting. And within each of the larger groups we can 
discriminate highly specialised individual cases, m which the derange- 
ment IS limited to defimte classes of words, defimte words, defimte 
letters, etc. 

5. We find analogous phenomena in other departments of memory. 
Thus memory for the forms of visible objects, and the musical me- 
mory under all its different aspects seem to be capable of isolated 
derangement But we can pass fairly easily fix>m the normal con- 
saousness even to these deep-seated pathological inhibitions, (1) be- 
cause similar disturbances of less mtensity sometimes occur m ordinary 
life, and (u) because individual inclination or education usually leads 
to a preference for definite kinds of ideation and centrally exated 
sensations. Putting all the facts together, we may draw (i) the general 
conclusion that memory is not a umtary force, equally and alwajrs at 
the disposal of every imnd for every mental process, but takes on a 
special form for the separate groups of centrally excited sensations 
and their combinations, so that what we call ‘memory’ consists 
m a number of special memories, and is not a peculiar capaaty above 
and beyond them (§§ 30.5; 32. 2). We may also assert, without hesitation, 
that (2) the conditions of centraUy excited sensations determinable by 
mtrospection are not then real conditions, but only symbols or mdi- 
cations of the reahty If we attempt to explain all the facts upon 
no other data than those of introqiection we are compelled, in cases 
like those which we have just mentioned, either to dispense with an 
explanation altogether, or to introduce vague and indefinite con- 
cepts of unconscious ideas, mental fiiculties, disposibons, tendencies, 
etc. If, on the other hand, we make up our minds to consider ner- 
vous processes as the actual conditions of centrally excited sensations, 
we have, m the first place, the advantage of being able to explain all 
the facts, in principle at least, without putting pressure upon them 
or shifting our own pomt of view, while we also reap the benefit of 
basing our theory upon a universal law of nervous structure and 
funcbon, which obtains whether or not there are psychical phenomena 
to accompany exatation. It caimot be charged against an explanation 
of this kind that it is either arbitrary or merely hypothetical. 

6. When we come to details, however, we can offer httle more 
than hypothesis. Our present ideas of the nature of these nervous 
processes, which we take to be the conditions of centrally ezdted 
sensations, are quite vague and general A current physiological view 



910 


DOCTRINE OF ELEMENTS: SENSATIONS, 


regards the cells of the cerebral cortex as differentiated organs, sub- 
serving particular perceptions and recollections. It is thought that 
each separate idea has its seat in a separate cell; and a calculation 
has been made of the number of ganglion cells, with the comforting 
result that there are enough of them to hold the stock of ideas 
accumulated in the lifetime of the individual. This theory dates 
back in principle to the seventeenth century. However imaginatively 
worked out, it is too crude to be accepted as even an approximation 
to the true explanation. Besides, there is nothing in the facta, 
normal or pathological, to suggest its selection from the list of pos- 
sibilities, apart from the purely physiological or purely physical difiB- 
culties which it presents. An attempt has been made to amend it 
by correlating the elementary conscious processes with the element- 
ary constituents of the cerebral cortex, and thus making sensation 
the speafic eneigy of the cortical ganglion cell But nothing is gamed 
by the new formulation. The old difficulties remain practically as 
they were, and new ones are added For instance, even the revised 
cellular hypothesis can hardly explain how it happens that sensation 
complexes which contain the same elements and differ from one 
another only m the arrangement of their contents can be possessed 
of such various unportance for memory And it is hardly conceiv- 
able (though this objection holds as against the older form of the 
theory as well) that visual sensations of any considerable extension 
can be represented on the physiological side by the excitation of a 
single cell. Both views, however, are put out of court by their 
inability to show us how or why a newly arrived sensation or idea 
selects a particular cell out of the whole number at its disposal 
7. This hypothesis of the seat of the separate assooable elements 
finds its complement in the further hypothesis that incentives to the 
reproduction of centrally excited sensations, or (to use the commoner 
expression) associations, are anatomically and physiologically mediated 
by the tracts of fibres coimectmg the various sensory centres. Hence 
we hear of auonation paths, along which the excitation is propagated 
from centre to centre, and by whose means the idea which has 
previously been connected with an impression is reproduced when the 
impression is repeated, m accordance with the laws of temporal and 
spatial contigmty. Now there can be no doubt that the fibre masses 
which can be anatomically demonstrated to run from quarter to 
quarter of the cerebral cortex stand in relation to the association of 
ideas. Lesion or degeneration of the one is followed by disturbance 
of the other. But this relation is both inadequately and mMead- 
ingly expressed by the hypothesis. For (i) association is possible not 
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only between ideas of difietent sense departments, bnt between im- 
pressions of the same sense. The explanation consequently requires 
the assumption of connecting fibres between the cells of the indivi- 
dual sensory centre. (2) We must also suppose that, as the specific 
substrates of definite ideas, the cells possess spcdfic association paths. 
But our present knowledge of the structure of the cerebrum, so far 
from giving support to this view, tells directly against it. Besides which, 
all the difficulties of the cellular theory recur again m connection 
with the theory of specific association paths (3) Moreover, the 
phrase ‘association path’ suggests that the fibres, or their function, 
are the actual equivalent of ‘association’, in the psychological sense 
of the coimection of sensations in consciousness We need hardly 
give reasons for the contrary behef, that the function of the paths is 
merely a condition of empirically incited and firee reproduction (§ 30. 9), 
and not the special topographical substrate of the simultaneity of 
associated sensations in consaousness. 

8. It is obvious that all these ideas are closely connected with 
that of the law of specific sensory energies and the strict doctrine of 
localisation of cortical function. Indeed, if the operation of the 
law is transferred from periphery to centre, there is no difficulty in 
assigning every discriminable conscious quality its particular seat in 
the cerebral cortex (cf § 9. 5 ff.). It will then depend simply upon 
the view of the individual psychologist, whether he make the single 
cell the depository of a simple or complex mental process. How far 
the bias of this individual psychology may lead is shown by the 
distinction drawn between perceptive and recollective cells on the 
basis of the facts of mental blmdness and mental deafness (cf. § 27. 
3, 7, 8), and by the localisation of a special conctptual centre along- 
side of the various sensory centres. But there is a further develop- 
ment to mention. As the cerebral cortex contains motor as well as 
sensory centres, recourse has been had of late to schematic drawings, 
to illustrate the connection which introspection finds to hold between 
idea and movement We shall dispense with this convenient mode 
of illustration here, for two reasons, (i) because it would reflect the 
opinion of only one group of psychologists, and (2) because we 
regard the schematic figures ordmanly employed not only as premature, 
but as wrong in their essential imphcations. Besides the adherents 
of the strict localisation doctrine, there is a school of physiologists 
which holds that all motor centres are also sensory; another (to 
which Goltz belongs in particular) which keeps more or less consist- 
ently to the view of Flourens, that the cerebrum as a whole is the 
substrate of all mental function; and yet others which adopt neither 
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of the extreme theories, bnt accept the localisatioii of sense depart- 
ments and motor impulses, while they reject the hypothesis of spediic 
cells and refuse to posit a different cellular substrate for perception 
and recollection or an independent conceptual centre. In face of 
this divergence of opinion, die aathor may be permitted to present 
his personal standpoint 

9. In the first place, it is at least exceedingly misleading to speak 
of a ‘seat’ of sensation or idea. There can be no doubt that the 
term, with the incorrect metaphor which it embodies, must share the 
responsibility of many epistemological and psychophysical diihculties. 
When we ‘localise’ a sound heard, we do not make it spatial: we 
merely deteimme the part of space which is the seat of its visible 
source or condition. In the same way, when we distinguish local 
cortical centres, we are not placing sensations or ideas within a 
limited spatial area, but simply defining the locality of the visible 
conditions upon which they are dependent All that a localisation 
of cortical centres can do, then, is to furnish a topography of the 
central nervous conditions of psychical processes. The real question at 
issue in the conflict of opinions is, therefore, simply this : are &e central 
conditions of sensation referable to distinct locahties, as its peripheral 
conditions admittedly are? To this question we may probably reply 
in the affirmative, appealing to the most reliable observations of 
pathological anatomy for &cts upon which to base our answer. As the 
course of particular sensory nerves has been traced again and again to 
definite areas of the cerebral cortex, it is reasonable to suppose that 
the central processes are locally restncted, as are the processes m the 
peripheral sense organs. At the same time, this does not necessarily 
mean (a) that the sensory centres are the ultimate conditions of 
sensation. It is entirely conceivable that they are only links in a 
serial chain of conditions, which begins with the peripheral sense 
organ, and is continued beyond the sensory centre (smce in every 
case paths lead from this to the frontal brain region) to reach its 
final conclusion, possibly, in the frxintal cortex. And (6) this local 
differentiation of sensory centres does not by any means imply the 
validity of the cellular hypothesis criticised above. We attempted to 
show in a previous cormection (§ 9. 7) that the law of specific sensory 
energies was tenable only if the specific function was brought into 
cormection with the peculiar structure of the sense organs, and its ex- 
tension to the individual qualities of sense made altogether dependent 
upon the special character of the experiences and observations com- 
prised within a given sense department (e/. vision with audition). 

10 It is noteworthy tliat while the motor centres of the cerebral 
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c o rtex, mote especiallj in the ne^hbonrhood of the anterior central 
convolution, ate markedly different m histological structure, the sensory 
centres (the visual in the occipital lobes, the acoustic in the temporal, 
etc.) present a very similar appearance in microscopical preparations. 
We find, accordingly, that central disability of a motor area is over- 
come with extreme difficulty, whereas a sensory derangement is com- 
paratively easily and quickly compensated. Similarly, the extirpation 
of a motor portion of the brain is followed by permanent local dis- 
turbance of movement; whereas an animal deprived of a sensoiy 
portion will very soon show every sign of complete recovery, provided 
that the exsected area was not too extensive, i that connection was not 
enhrely severed between cortex and sensory nerve. All these pheno- 
mena are evidence that the specific function of a nervous excitation 
is as a rule dependent upon its normal place of origin : the peripheral 
organ in the case of sensoiy nerves, the central in the case of motor. 
It would seem, therefore, that we may compare the unknown processes 
of the sensoiy centres with the known phenomena of the motor peri- 
phery, and attempt in this way to gain a more definite idea of their 
nature. We must thmi correlate the particular sensation not with the 
exdtation of a single cell, but with that of a larger or smaller cortical 
area, according to the range of the peripheral stimulation. Moreover, 
we shall find no difficult in conceiving of a ‘superposition’ of the 
different cortical functions; since this only requires that each particular 
form of movement occurring in the cerebral cortex be independently 
renewable, without disturbance or abolition of others. And lastly, we 
may designate the state of the nervous substance, in which the various 
cortical areas are capable of reproduction, — employing a phrase proposed 
by W\indt,—/uHetiottal disposition. Just as the piano player uses hands 
and fingers for the most varied combinations of movements, so the 
same parts of the cortex may be concerned in very different forms of 
excitation. The view which we oppose to the cellular hypothesis may, 
therefore, be termed a dynamic hypothesis. It takes account of the 
comparatively rapid compensation of limited brain injuries, while it 
also recognises local differences within the cortex. 

II. If we suppose, further, that these central excitations can be 
originated not only by a peripheral stimulation (which, of course, is 
the conditio sins qua non of excitation in general, on our own theory 
as wen as on the others), but also by purely central causes, we have 
in these last the physiological eqmvalent of centrally excited sensations. 
We must take it for granted that the mechanics of nervous substance 
reahses the necessary special condition of empirical reproduction, 
simultaneous occurrence in consctousness (§ 30. 5), and responds to 
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an the influences which introspection showed to be determinants of 
the ^ectiveness of this condition. As we might lay down qmte similar 
rules for combinations of movements of oui limbs, we may conjecture 
that they are general laws of nervous excitation. We can at present 
form no positive idea of the physiological equivalent of conscious 
simultaneity. We might, perhaps, conjecture that the parallel process 
was a confluence of the separate sensory excitations in a supreme 
central organ, which seems anatomically given in the frontal lobes 
As the existence of such a central organ is also vouched for by the 
phenomena of attention and will (§ 76. 5, § 77. 7), and as we were 
compelled to give attention the most important place among the gen- 
eral conditions of centrally exated sensations, if not to r^ard it as the 
inevitable condition of reproduction and association (§ 32. 1), it will 
be seen that our present hypothesis is not a mere analogical con- 
struction. 

The occurrence of free reproduction, again, presents no difiBculty 
on our theory. Introspection is unable to discover any condition for 
the spontaneous onginahon of ideas We must, therefore, suppose 
that the central causes of the origination of the parallel excitations 
are not represented in consciousness Nor is the other group of free 
reproductions any obstacle in the way of a physiological explanation, 
when we remember the general corollary of the law of causation, that 
similar causes produce similar effects The schema to which we 
reduced these phenomena (§ 30. 10) can be applied directly, from this 
pomt of view, to the central nervous exatations. The conditions of 
centrally excited sensations enumerated above (§§31, 32) also admit 
of a physiological interpretation in accordance with our dynamic theory. 
Inde^, we have already shown, in certain instances, that this translation 
offers no special diflSculty (cf., *.g., § 31. 6; § 32. 5). Coming, lastly, 
to the pathological observations which have been so largely influential 
in suggesting a phjrsiological explanation, we can say that our hjrpo- 
thesis IS able to do them full justice, even though it cannot state m 
detail how preasely this or that derangement of memory is produced. 
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Section n. Feelings. 

I 84 - Sensation and Feeling. 

1. It is beyond question that we owe the nchness and complexity 
of our consaoua expenence to sensation. We found that there are 
some 13,000 distinguishable sensabon qualities (§ 15. 4, § 18. 5, 
§ 19 4); and this number is far exceeded by the vanous combina- 
tions of sensations, and the discnminable differences of mtensity, etc., 
m which each quality can be given. The quahtabve differentiation of 
feelmg is poor indeed in companson. Nevertheless, the feelings oc- 
cupy a far more important place in popular opinion than sensations. 
They pass for real states of the expenencmg subject, his most in- 
timate possession, the expression of his personality and actavify; 
while sensations seem to be something foreign to the self, imposed 
upon it from without, passively received by it This divergent estimate 
of the two classes of consaous elements is well founded It is based 
(i) upon the observation that the interrelations of feehngs can never 
be independent of the subject as those of many sensations can, i.«., 
that feelings have no objective significance over and above their psy- 
chological Feelings, in other words, appear as something purely 
subjective, while sensations are only partially subjective* But it 
also (2) finds support m the fact that feelings are comjiarativaly much 
less dependent upon external stimuli than sensations, and are conse- 
quently much more mdependent of the objective mfluences to which 
the subject is exposed. This means that the attitude of the indivi- 
dual himself is a determining factor m the origination and course of 
feeling, and the impression is produced that the sole condition of its 
appearance and character at any given moment resides in him as 
expenencmg subject 

2. But the view of the relation between feeling and sensation imphed 
in these suggestions is not definite enough to be psychologically satis- 
factory. P^chologically regarded, both processes alike are dependent 
upon the experiencing subject; and external stimuli exercise a real 
influence upon the feelings, although it is less than in the case of 
sensations. The relation of the two elements, then, calls for a closer 

' A reference to tiie sutgectiTe nde of experience b, of oonrn, imphat to the name 
Bmffinitmg, bat thu to irrelevant to the preaent diacninon [No each reference nemi 
contatoed to toe Bngliah 

15 



ai6 


DOCTRINE OF ELEMENTS. FEELINGS. 


examination We find, first of all, an important difference, which 
may be regarded as charactenstic for the special laws governing 
feeling and sensation. We divided sensations mto two great groups, 
peripherally excited and centrally exdted, and found that this distinc- 
tion, so far from being inessential for consciousness, was normally 
recognised in every case by mtrospection. But there is no diflerence 
of moment between penpherally and centrally excited feelings The 
centrally exated are usually as vivid as the peripherally excited, and 
can compete with them successfully for the determination of the will. 
It is curious that the representatives of eudaemonistic ethics seem one 
and all to have overlooked this fact, which is really the necessary presup- 
position of their theoiy If centrally excited feelings resembled centrally 
excited sensations, a present pleasure, satisfaction of the senses, would 
inevitably be victorious over an expected pleasure or a merely imagined 
satisfaction. Moral action, which on the eudaemonistic view always 
requires an imagined pleasure as its determinant, would then be 
possible only li the present condition were that of sensuous dissatis- 
faction or of penpherally conditioned mdifference. The unmense un- 
portance of this equivalence of centrally and peripherally excited feel- 
ings for instruction and education, indeed, for the general progress of 
humanity, is obvious. Only the very highest degrees of sense pleas- 
ure and sense pain are now able to overpower the centrally exated, 
‘higher’ feelings. Even here, the advance of avilisation has effected 
a partial emancipation, although the pangs of hunger and the rage 
of lust are still all too frequent causes of crime. On the other hand, 
the faintness of centrally excited sensations as compared with peri- 
pherally excited is of great importance for an unimpeded knowledge 
of the external world, for the progress of empincal investigation. 
We distinguish memory from percepbon, the product of unagination 
from the presentation of sens^ so easily, that there can be no serious 
disturbance of the course of objective knowledge; and the growth of 
naturalism in art and of object-teaching in education affords a suf- 
fiaent guarantee that the capaaty of imaginative interpretation of per- 
ception or of vivid reproduction of (or reconstruction from) description 
finds no encouragement to further development. 

3. These phenomena furnish at least a partial explanation of the 
relatively slight dependency of feeling upon external stimulus If 
centrally excited feelings are of equal value with peripherally excited, 
an affective state which results from the combmation of peripheral 
and central causes will evidently show but little trace of the influence 
of external stimulation. Consciousness will hardly ever, one might 
say never, be exclusively determined ixv a peripheral stimulus, even 
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though attention place no obstacle in its path. There will always be 
centrally excited sensations more or less clearly present; and as they, 
too, are ordinarily connected with feelings, the affective influence of 
an external stimulus will always be modifled by a pre-existent affec- 
tive state. It will depend upon circumstances whether a particular 
stimulus is pleasant, unpleasant, or neutral, although the sensation 
which it arouses remains practically the same in every case. It is, 
therefore, in general, wholly indifferent for the investigation of sen- 
sitivity and sensible discnmination whether the stimuh are agreeable, 
disagreeable, or neither, provided only that theu affective value does 
not divert the attention. We may leave it for the present undecided 
whether this modificabon of the affective influence of a penpheral 
stimulus may not be due in some measure to other peripheral exci- 
tations The facts alleged put it beyond doubt that feelings obey 
different laws from those of sensation, and that other processes and 
other conditions are involved in theu origination. A systematic in- 
quiry into the relation of sensabon to feeling leads to the same result. 
Three forms of this relation are theoretically possible. We may regard 
feeling (i) as an attnbuit of sensation, co-ordinate with quality and in- 
tensity; (2) as an effect or function of sensation or of a sensation attri- 
bute ; or (3) as an independent conscious process, which accompanies sensa- 
tion under given conditions, but which requires separate description and 
explanation. We will pursue our investigation under these thrw heads. 

4. (i) Feeling as Attribute of Sensation . — We reject this possibility, 
for three prmapal reasons, (a) We can discriminate the same attri- 
butes of feeling which we previously obtamed by our analysis of 
sensation, — quality, intensity and duration. Extension does not attach 
to feehng ; but neither does it to all sensations (§ 4. 3). It is logically 
inadmissible to count a process, itself possessed of these different 
attnbutes, as one among the corresponding attributes of sensation. 
At the very least, we should be compelled to look upon it as an attri- 
bute of qmte different rank or character; and for this there is no 
reason. It would be equally justifiable to consider sensation an attribute 
of feeling (b) We made it a entmon of the attnbutes of sensation 
that, if they applied at all, they were inseparable characteristics of the 
content. If any one of them = o, the whole sensation = o (§ 4. i). 
Measured by this standcud, feeling cannot be called an attnbute of 
sensation. For the affective tone of a sensation may very well disappear, 
without the cessation of the sensation itself. We actually find sensa- 
tions present where feeling is absent, ie, we have sensations which 
are neither agreeable nor disagreeable ; and we further find (such, at 
least, IS the author’s experience) feelings present where sensation is 
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absent, tjt., we have feelings which are not accompanied by or attached 
to a definite sensation, or which arise where the nervous conditions 
of sensation are debarred from the exercise of their ordinary influence 
on consaousness. When cases like these exist, it is evidently wrong 
in principle to speak of feeling as an attribute of sensation, {c) Sen- 
sation, as we saw above (§ 4. i), is not something beyond or beside 
the attributes of quality, intensity, extension and duration. It is ade- 
quately defined by the definition of all these characteristics But the 
feeling which belongs to a sensation is not a necessary factor in this 
defimtion, one without which a complete characterisation is impossible. 
The relation between the two is precisely similar to that between the 
sensations of pressure and temperature. Pressure may be warm or 
cold or thermally indifferent. But its own quality is not more fully 
or accurately defined by the statement of this secondary fact; the 
statement is simply a description of a new phenomenon, whose 
occurrence or non-occurrence in consdousness depends upon special 
circumstances. Sensation, in the same way, is somethmg beside or 
beyond the present or absent feeling, and feeling is something beside 
or beyond sensahoiL 

5 (2) Ftthng at Function of Feeling may be considered 

a function of sensation, (a) if the attributes of sensation directly con- 
dition its course, i^, if a parallelism obtains between the two processes 
similar to the functional relation which we found to obtain between 
sensation and stimulus, or {b) if certain cormections of sensations 
exercise a determining influence upon it. The second of these views, 
stopped of its metaphysical wrappings, is represented in the history of 
psychology by Herbart. In its exclusive form, it is plainly negatived 
by the verdict of introspection. We constantly find ourselves attrib- 
utmg agreeableness or disagreeableness to sensations absolutely, without 
basing our judgment on their relation to other sensations. Toothache 
remains disagreeable, although the other sensations in consciousness 
are neither of the same nor of the opposite affective quality. An 
attempt has been made to meet this objection by drawing a sharp 
line of distinction between the affective tone of sensation and the 
feeling originating in the mutual relations of ideas. But the distinction, 
again, entirely disregards the testimony of introspection, which declares 
that the pleasantness or unpleasantness attaching to a simple sensation 
does not differ in any essential point or attnbute from the feeling 
attaching to a relation between sensations And the other view, 
which makes feeling a function of particular sensations, is equally one- 
sided, since feelings can undoubtedly attach to their interrelations as 
well as to themselves. There remains the question whether, periiap^ 
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a combination of both views is mtrospectively possible. In endeavour- 
ing to answer this, it will be sufficient for us to examine one of them 
only, — that which can be the more summarily treated. This is the 
hypothesis of the dependency of feeling upon the particular sensation, 
or (what is the same thing) upon the attnbutes of sensation. 

6. It IS evident that no one of the attnbutes of feeling is 
dependent (i) upon the quality of sensation There are no sensation 
qualities which are everywhere and alwa3rs pleasant or unpleasant, 
strongly toned or weakly toned, provocative of long contmued or 
transient affective result Nor can it be mamtained (we shall discuss 
the question in detail in § 36) that eveiy sensation quality possesses a 
specific affective tone, distinct from the pleasantness or unpleasantness 
peculiar to other sensations. This would mean that we had m 
consciousness at least twice as many affective quahties as sensational — 
a wealth of contents of which introspection reveals no trace. We often 
speak, again, of ‘warm’ and ‘cold’ colours, of ‘grave’ and ‘cheerful’ 
tones, etc., but the phrases need not be interpreted to imply that 
qualitative differences of feeling are correlated with certain sensation 
qualities. The view that feehng is dependent upon sensation is, 
therefore, usually narrowed down, ^1) and feelmg becomes a function 
of the tnUnnty of sensation. It is certainly true, as a general rule, 
that weak to moderately intensive sensations are pleasant, more 
intensive unpleasant But it is not the greater or less intensity of 
the sensation as such which gives this law its real or general sipiifi- 
cance. Different sensations m different sense departments, and even 
within the same sense department fall under it at very different 
absolute intensities. Thus a very slight intensity of organic sensation 
is distinctly unpleasant (a stomachic derangement which is 
represented in consaousness by hardly any defimte sensations at all), 
while sensations of pressure, sight and hearing must reach a fairly 
high intensity before they can produce a similar effect upon feeling. 
And while deep tones are rarely unpleasant even when they are 
intensive enough to excite the nerves of touch as well as those of 
hearing, weak tones from rods or tuning forks of very high pitch are 
exceedingly disagreeable Fatholc^cal evidence can be adduced in 
support of these observations. Cases are known in which a gentle 
contact IS painful, faint noises unbearable, and dim light very disturb- 
ing; and although they usually show a general increase of sensitivity, 
the increase is never sufficient (as is demonstrated by the value of 
the stimulus limen) to explain the alteration of the affective reaction. 
We are forced to conclude, then, that the intensity of sensation is 
not the determinant of the course of feeling, and that the law laid 
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down above holds only under certain circumstances, %jt., when the 
dianges in sensational mtensity coincide with changes m other processes 
which constitute the actual conditions of feelmg. 

7. The same thing holds (ili) of the temporal and spaital character of 
sensation. The relation of duration and extension to feelmg is 
precisely similar to that of mtensity: long duration and wide extension 
have the effect of high intensity. We have found this rule to obtain 
for sensation (cL, e.g, § 18 7), and it has been confinned by investi- 
gations into the ph3rsiology of the nervous system (cf. § 9. 10). So 
that what we have said of the relation between feelmg and intensity 
of sensation apphes of the analogous relation between feeling and 
duration and extension of sensation. But the spatial character of 
sensation includes form or shape, as well as extension; and this 
seems to have a special effect upon feelmg, more particularly in the 
sphere of sight Certam forms are pleasing, others displeasing. The 
feelings thus originated have been termed elementary eesthehc feelings, 
and the phrase used to cover every degree of pleasantness or un- 
pleasantness correlated with the temporal arrangement and spatial 
form of sense impressions, apart from their qualitative or mtensive 
contents. 

But here again it can be shown that form as such is not provoca- 
tive of feeling. Not only do different individuals give very different 
affective reactions (and we cannot refer the differences here, as we 
could in the case of sensation, to peculiar dispositions or functional 
differences of the perceptive organs), but the same individual is 
very differently affected by the same form at different times. In 
other words, we are agam unable to discover a parallelism between 
feeling and sensation. And as the same arguments may be applied 
to the alternative hypothesis, that feehng attaches to the relation 
between sensations, we are dnven to the conclusion that there is no 
simple functional relation between the two contents. 

(3) There remains only the last of the three possible views of the 
relation of feeling to sensation, that which makes feelmg an independent 
consdous process All the objections which we have urged against the 
other two tell m its favour We will, therefore, accept it as a correct 
interpretation of the facts, without mtending for a moment to deny 
the normal cormection of feeling with sensation in consaousness. 

% SS. The Investigation of the Feelings. 

I. It follows from the foregoing Section that an investigation of the 
feelings will demand special methods; that we cannot make direct 
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application of the rules which we have found to hold for sensation. 
Expenment in particular, which did such good service for sensation 
analysis, must now be employed m a different way, to suit the changed 
conditions. But we cannot either cUuttfy the feelings on the hnes laid 
down for the classification of sensations (§ 4. 10). For (a) there is no 
essential difference between peripherally ezdted and centrally ezdted 
feelings (§ 34. 2) ; and ( 6 ) the quah^ of feeling is not dependent upon 
the character of the perceptive organ — so that we have no classes cor- 
respondmg to the ‘cutaneous’, ‘visual’, etc., sensations (§ 34. 6). It 
will be easily seen that the classification of the feelings must, under 
these circumstances, present peculiar difficulties. For mtirospection is 
no more able to suggest an independent prmdple of arrangement here 
than it was in the case of sensation (cf. § 3. i). (i) Feelings are very 
commonly divided into Airier and Intur. The pleasantness of a colour 
or a taste, is a lower feeling; pleasure m a picture or in apiece 
of good news a higher. But the cntenon which gives these values to 
particular contents is plainly derived from a definite theory of life, a 
more or less complicated and mdividual systematisation of the rules 
of action, thought and sensation. What is valueless, in the first 
instance, is not the feeling, but the sensation or idea which imderlies 
it. This distinction of higher and lower feelings is, therefore, simply 
an ofishoot of a more general distinction, which ranks sense impres- 
sions, the whole domain of sense perception, as ‘low’, in comparison 
with concepts, the activity of reason or understanding. Such an 
appraisement bdongs to rationalistic metaphysics, not to sdenbfic psy- 
chology. As a matter of feict, there is no quahtative difference 
discoverable * between the pleasantness of a colour and that of a 
successfully concluded argument, when careful abstraction is made from 
the very wide differences in all their attendant circumstances. It cannot 
serve, then, as the basis of a classification of the feelings 

2. (2) A very similar classification of feehngs groups them as 
sntsible and intellectual The latter are further subdivided mto logical, 
ethical, religious, and aesthetic. It is evident that the Ime of separa- 
tion here practically comcides with the line of separation m the 
previous classification, mto ‘higher' and ‘lower’. The sensible feelings 
are identical with the lower. But it is a distinct advance to have 
exchanged the irrelevant criterion of metaphysical value for the simple 
dependency of feelmg upon its exatatory processes The sensible 
feelings are aroused by sense impressions, more especially by their 
quality and intensity ; the inteUectual are produced by ideas and mter- 
relations of ideas. At the same time, this classification, like the othei, 
1 In my own ezpenence and, I imagine, in that of othen abo. 



* 3 » 


DOCTRINE OP ELEMENTS: PEELINGS 


pays no regard to the qualitabve differences within feeling itself. And 
\^ete that is the case, it is the conditions of the feelings, and not the 
feelings as such, which are really classified. 

(3) It has been proposed to employ the term ‘feelmg’ not for simple 
conscious processes, but for those more or less complex contents which 
we should regard as connections of sensation (idea) and feeling. The 
suggestion finds support in popular German and in popular and scien- 
tific English phraseology; and its adoption naturally cames with it 
the possibility of a very extensive classificaUon Bain, and more 
recently, Lehmann, have given us classifications under this head. But 
it can hardly be asserted that any useful result has been attamed by 
them. For if we assume that pleasantness and unpleasantness are the 
only ‘emotional’ elements, then they may obviously connect with 
possible sensations and sensation complexes ; and there is no need ot 
a special classification of the connections, since sensations and sensa- 
tion complexes have been already classified. If we believe, on the 
other hand, that these emotional elements, pleasantness and unpleas- 
antness, are themselves capable of qualitative gradation, then it is 
before all things desirable, in the interests of scientific inquiry, that 
their various simple qualities be exhibited in the greatest possible 
purity. We say nothing at all of the transference of popular phrases 
into scientific terminology, and its doubtful value for the analjrsis and 
comprehension of the facts. 

3. (4) Lastly, it might be thought that the scientific discrimination 
of tmoiton. mood, impulse, etc., furnishes a basis for a corresponding 
classification of feelings And it is not uncommon to find the emotions 
of anger, joy, etc., regarded as ‘feelings’, upon precisely the same 
plane as satisfaction or dissatisfaction in a given complex of sensations. 
But again, when we raise the fimdamental question whether the pleas- 
antness and unpleasantness in all these cases are as such specifically 
different, or whether the experiential difference between, an 
unpleasant feeling and an unpleasant emotion is not rather referable 
m its entirety to concomitant consdous processes, there seems to be 
no escape from an answer in the sense of the latter alternative. 
Emotions and moods obtain their peculiar ‘colouring’ principally fi:om 
organic sensations. On the other hand, it is doubtful whether the 
characteristic quality of impulse, which appears again in voluntary 
acbon, in desire and in longing, can be reduced to organic sensa- 
tions, or is an irreducible elementary content, an elementary volition 
or feeling of effort. (We shall discuss this pomt at length in § 4a) 

We caimot, then, accept any classification of the feelings We are 
left with the sunple qualities of pleasantness and unpleasantness, 



§ 35- JNVESTtGATlOrr OF THE FEEUHGS. 133 

which refuse to admit of further subdivision. This is additional 
evidence of the independent position which feeling occupies with 
regard to sensation (§ 34. 7). All the more imperative, therefore, is 
the necessity of discovering a reliable method for the investigation 
of feeling, irrespectively of simultaneously present sensations. Two 
affective methods are now beginning to be employed: the first and 
older of which we may term the stna/ method, the second the method 
of exprtmoH, The former consists in the systematic application of 
stimulus series, the latter m an accurate registration of the centrifugal 
manifestations of feehng 

4. (i) The serial method attempts to overcome the difficulty 

which the relation of feehng to sensation (§ 34) puts m the way of 
an experimental mvestigation of the affective consciousness by the 
aid of external stimuh. For it is evident that a functional relation 
to external stimulus is open to very similar if not to the same 
ot^ections as a functional relation to sensation. We may, it is true, 
assume that the stimulus will exercise a special influence on feeling, 
apart from its effect for sensation; and this is so far an advantage. 
But feeling is, as a matter of fact, no more an exclusive function of 
external stimulus than it is an exclusive function of sensation. At 
the same tune, this is not inconsistent with a certain degree of 
dependency, — the determination of which is the object of the serial 
method. It sets out from the frict that although the affective result 
of stunulation differs absolutely within wide limits under different 
circumstances, yet relatively the origination or modification of feeling 
by particular stimuh may remain constant. Ifr eg., we are in the 
mood to find all colour tones indifferent, we shall still be able, when 
a number of coloured objects is placed before us, to discriminate 
between their effects upon our affective state. Some will please us 
more than others, or at least some will displease us less than others ; 
and so we may arrange them in a series from the relatively most 
pleasing to the relatively most displeasing, independently of the 
absolute affective value of each separate impression. The r^ard or 
disregard accorded to the various terms of a senes of this kind is 
then an expression of the dependency of feehng upon the stimuli. 
Experiments can, of course, be made with all attnbutes of stimulus, 
with that which corresponds to sensation quality, as well as with 
those underlying the intensity, duration and extension of sensation. 
The method has not as yet received any quantitative formulation; 
and, in particular, no real measurement of affective change has been 
obtained, such as we possess in the measurement of sensitivity and 
sensible discrimination. It remains to be seen whether a just notice- 
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able affective change or apparently equal affective changes can be 
produced with any degree of constancy, even where the absolute 
affective disposition is subject to considerable fluctuation.* 

5. A comparison of the results of the serial method with those 
of similar modes of procedure in certain sense departments at once 
suggests itself, (i) Thus we might compare the relative judgment of 
tone pitch with the relative r^ard or disregard expressed m the 
affsctive series. But we may be sure that a tone under normal 
conditions will be heard, if at all, at the defimte pitch which is 
physically charactenstic of it, and will therefore appear higher or lower 
only as related to other sinularly fixed and definite tones; whereas 
we have no right to eiqiect a definite affective result as such fi:om 
a stunulus as such, but only a result more or less constant m the 
relative way indicated above. Om ordinary inabihty to give the 
quahty of a tone a specific name must be ascribed to the lack of a 
well developed habihty of reproduction as between tonal pitch and 
denomination, not to any relativity or mutabihty attaching to the 
sensations themselves. On the other hand, the bare judgment that 
a stimulus is pleasant or unpleasant is very simple and easy; but it 
follows bom the very nature of feehng that it will vary greatly even 
for the same stimulL (u) Or agam, we might (as we did above, 
§ II. 5) compare the feelings with the temperature sensations They 
share with feeling this vanabih^ of reaction to external stimulus. 
But in then case, too, the difference between sensation and feeling 
u unmistakable The occurrenoe of a sensation of warmth or cold is, 
in general, determined by quite definite peripheral conditions, t.*., 
the temperature of the skin. This we saw to be algebraically added, 
whatever its degree, to the thermal attnbute of the stimulus; so that, 
when it IS taken into account, a parallelism of stunulus and sensation, 
though difficult, is nevertheless possible ^ 11. a). But feelings are 
not thus regulated by penpheral apparatus. At the same time, the 
analogy holds to the extent that ‘warm’ and ‘cold’ mean very 
different things as predicated of the external stimulus; and that this 
difference has its root, not in the relation between sensation and 
judgment, but in sensation itself We can speak, too, of a given 
impression as ‘warmer’ or ‘colder’, without there being a sensation 
of warmth or cold present in consciousness. 

6. The general dependency of feehng upon stimulus, in the serial 
method, can evidently be represented only by a curve showing the 
subjective changes which answer to a determinate form of chan^ in 

1 And the necMurj distinction between conitant and voziable emm if yet to 
be drawn. 
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the stimuli The values of this curve have no absolute significance, 
but must be conceived of merely as varying between the relatively 
highest and relatively lowest degrees of pleasure. If all the curves 
obtained for the same form of stimulus change have an entirely 
similar course, they may be accepted as giving a reliable eqiression 
of the dependency under mveshgabon. We cannot predict a priori 
what will ^ppen; but certam sets of experiments, taken by the serial 
method, on the aesthetic effect of figures seem to show that the 
course of the curve is not only constant for the same mdividual, but 
approximately similar for different mdmduals. An attempt has been 
made to bring these curves mto relation with the absolute affective 
tone, by ascnbing positive and negative values to the ordinates that 
express the degree of feeling, the pleasantness values being made 
positive, the unpleasantness values negative, and the oordmate the 
pomt of affecUve indifference. But it follows from the foregoing dis- 
cussion that this procedure is not only dangerous, but, m view of the 
facts, mcorrect The judgments of different individuals and of the 
same mdividual at different times are, in their absolute affective value, 
exceedingly vanable. It is, therefore, altogether irrelevant for the 
application of the serial method (until we obtain an accurate measure 
of affective change: cf 4 above) how high above the abscissae we place 
beginning and end, maxima and minima of the curve * they must only 
be brought as far as possible mto accord with the verdict of mtro- 
spection From this pomt of view, we may regard affective change 
itself as a purely quantitative process, the maximum of which is given 
by the relatively most pleasant, the minimum by the relatively most 
impleasant feelmg. The vanous degrees of feehng mtermediate between 
these hmiting values will then form an unbroken chain, and we shall be 
able to pass contmuously from the one to the other, as we can in the 
colour triangle from a saturated colour to a pure white (§ 17. 5,6) The 
discoveiy and exact formulation of these interrelations of the various 
feelings are most valuable But it is equally desirable to be able accu- 
rately to determine the quahtative significance of pleasurable and un- 
pleasurable states. This seems to be rendered possible by the method 
of expression, which thus supplements the serial method, as the test 
of sensitivity supplements that of sensible discnmmation. 

7. (2) The serial method was first employed by Fechner, in his 
experimental investigation of aesthetics; the method of expression in 
its systematic form is due to Mosso. The various ‘expressive move- 
ments', voluntary and involuntary, possess so obvious an unportance 
as means for the expression of emotion, mood, impulse, — everythmg, 
in short, which can be called an affective process, that it is natural 
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to make them the starting point of an experimental inquiry into the 
internal states of which they are the bodily manifestations. Good 
results have been obtamcd from observations of the change of pulse 
and respuahon, of the variation in the volume of a limb, and of the 
extent of voluntary movements, under the domination of different 
feelings No use can be made, on the other hand, of the various 
forms of gesture and of the manifold play of feature which serve to 
express affective disposition, for three reasons (a) It is difficult to 
turn them to expenmental account. They can be (and often have 
been) photographed, and so made permanent but that b all. (i) 
Their dependency upon the wiU gives them a certain independence 
of feeling. And (r) they are indicative not only of pleasantness and 
unpleasantness, but of concomitant ideational contents as well (cf. 
§ 54). The facts which have hitherto been collected by the apphca- 
tion of the method of expression render it probable that the changes 
in power and rapidity of pulse and respiration (mdicated by the re- 
gistration apparatus), the variation in volume dependent upon the 
sui^y of blood to the tissues, and the extent of voluntary move- 
ments (read off directly from a special instrument) stand in a quite 
uniform relation to states of pleasantness and unpleasantness (§ 37. i). 
It appears, if we take the state of indifference as normal and regard 
pleasantness and unpleasantness as diverging from it in opposite di- 
rections, that all deviations from the corresponding physiological norm 
which we see reflected in these different processes, really give direct 
and simple expression to the affective state of the moment (i) It 
b, therefore, necessary for an accurate employment of this method 
(and thb b an undeniable difficulty), that the norm be determinable 
not only m a general way, but for every individual case and for 
every experimental series, as representing the indifference of affective 
disposition of the particular subject at the particular time. 

8. Thb difficulty has hitherto received too little consideration 
The method has been employed for the determination of the more 
obvious expressive differences, whose existence could be demonstrated 
irrespectively of a strict standard of reference. But it can evidently 
give ns absolute values for pleasantness and unpleasantness only under 
the condition that the * normal ’ reacbon denotes an affective indifference 
of consciousness We must trust to future investigators to establbh 
its claim to rank with the other psychophysical methods more securely, 
by as accurate as possible a comparison of obj'ective and subjective, 
and of the various objective results with one another, (ii) But there 
is a second difficulty in the way of its application. The changes 
which have been registered by observers so far are dependent not 
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only upon the affective state, but partly also upon other circum- 
stances. We know, that the rapidity of the pulse is liable to a 
certain increase with increase in the rate of succession of auditory 
impressions, while consciousness may be affectively neutral, or the 
precedent pleasantness or unpleasantness remain stationary. It has 
been found, again, that quick movement shortens the period of pulse 
and respiration; and a whole senes of other physiological conditions 
of their variation might be gjven. If the method of expression is 
to furnish a trustworthy account of the feelings, we must be able to 
distinguish certainly between the physical changes due to affective 
fluctuation, and those produced by other causes, of whatever kind. 
No general rules can be laid down at present, except that all external 
sources of error, accidental sounds, etc., must be as far as possible 
eliminated, (iii) Again, the method has hitherto been developed only 
along qualitative lines; it tells us nothing of the degree of pleasant- 
ness or unpleasantness, (iv) And lastly, it is still an open question, 
how the feelings can be best evoked for examination. Two modes 
of procedure are possible We can obtain the desired effect by ex- 
ternal stimulation, or we can suggest the reproduction of certain sensa- 
tions or ideas, and so excite the pleasantness or unpleasantness which 
attaches to them. In neither case (certainly not in the first) have 
we any means of determining a pnon how much of the changes 
registered is the result of feeling, and how much the result of other 
processes set up by the stimulus or central excitation It is clear, 
then, that mudi preliminary work is necessary, before the method of 
expression can be regarded as a safe and adaptable instrument for 
the experimental investigation of the affective consciousness. The 
serial method seems to have the advantage as regards perspicuity 
and reliability on nearly every count. But it, too, requires to be 
carefully checked on one pomt It is hardly possible for the devel- 
oped consaousness, in presence of a senes of forms, qualities, etc , 
to abstract entirely from the relations m which one or other of them 
must inevitably stand to its general stock of ideas (cf. § 75. 4). It 
may, therefore, very well happen that an affective reaction is called 
forth not merely by the particular impression whose value in the 
series we wish to determine, but partly also by the recollection into 
which it is absorbed A green colour, e^., may be pleasing not in 
itseli^ but because of the ideas of pleasant meadows and shady trees 
which it exates If the curve which represents the affective value 
of a colour senes is made to include judgments of this kmd, it will 
plainly bring together a medley of very heterogeneous states. Fechner 
has drawn a useful distinction between inlnnstc and assedativt affec- 
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tive value, which serves to keep the two classes of judgment separate. 
The only direct means of preventing the interference of associative 
factors is to keep a careful introq)ective watch upon the process of 
judgment. Secondarily, however, the comparison of different experi- 
mental series, taken from the same or from different subjects, may 
perhaps suffice for the detection of extraneous influences. 

Fechner distmguuhed three methods* die method of selection, the method of 
proehution, and the method of usage The first is identical with that which we 
have termed the serial method In the second, the most pleasing impression (visnal 
figore, egr^ is * produced ’ by the snbject himself (m the form of a drawmg) The 
third consists m the comparison and measurement of the pleasing or displeasing 
relataons actually presented by nature or art. It is plam that only the first of 
theie^ our senal method, has any general claim to rank as a real expenmental method. 
But no exact formulation has as yet been obtamed even for it We do not know, 
in particular, whether we may combme the judgments of different individuals to 
an average result, whether they can be employed simply for the detemunabon of 
the relatively most pleasant impression, or can be used for the constructaon of a con- 
tinuous curve of affixtive values, whether m this latter case the particular degrees 
of pleasingness should be apecudly defined, etc., etc. The method of producbon 
u a useful supplement to the serial method, if the conditions for the application 
of the alhed method of average error (§ 8. 9, ii) are observed — While the 
methodology of sensation has already attained a certain measure of finality, that 
of feeling is still lamentably defiaent But there is good hope that the feelmgs, 
variable as they are, can now be subjected m their turn to an accurate and 
detailed exammation, with similarly successfhl result 

$ 36. The Attributes of Feeling. 

I. We use the phrase ‘attributes of feeling’ in precisely the same 
sense in which we spoke of attributes of sensation (§ 4. i). That is, 
we understand by them certain inseparable characteristics, which attach 
to every mdividual feehng, and whose disappearance imphes that of 
the feelmg itself. All feelings have the attributes of quality, intensity 
and duration The terms are identical with those employed to designate 
the attributes of sensation, except that extension, which we asenbed to 
visual and tactual sensations, caimot be predicated of any class of 
feelings. ‘Quahty’ is, again, the name of the most important and 
fundamental attnbute; the quahtative defimtion of feehng consists in 
its cognition as pleasantness or unpleasantness. ‘Intensity’ denotes 
the degree of vividness at which a pleasantness or unpleasantness is given 
in consciousness, and ‘duration’ is the elementary temporal character 
of a feeling. In view of the facts of the previous Section, we cannot 
hope to determine these attributes as positively and comprehensively 
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as we conld those of sensahon, or at least of sensations of peripheral 
origin. 

(i) This expectation is confinned at once when we enter upon the 
consideration of the quality of feeling. Psychologists agree that 
pleasantness and unpleasantness are quahtative differences, but they 
are by no means at one upon the question whether the terms are 
simply classificatory concepts, covering a variety of qualitative differ- 
ences, or individual concepts, expressive of an ultunate quahtative 
divergence An unlimited number of quahties of pleasantness and un- 
pleasantness is as axiomatic to one as a simple duahty of affective tone 
IS to another It is hardly possible at the present time to reach a 
final solution of this basal problem. From the point of view of method, 
however, preference must be given to the second view it is the more 
simple, and it avoids the unsaentific use of ‘feeling’ as denoting a 
content which the observer carmot or will not subject to a careful 
analysis. In ordinary phraseology everything may be a ‘feeling’ or 
depend upon a ‘feelmg’; we have a ‘feeling’ that something is right 
or true, we ‘feel’ for ourselves and others, etc. If we introduce into 
psychology this custom of terming everything a ‘feeling’ which is not 
obviously something else, we run the risk of stopping short in our 
analysis whenever we come upon a process which m any way suggests 
the word. This source of error is elunmated where pleasantness and 
unpleasantness are regarded as the only qualities of feelmg. 

2. From this point of view it seems fair to say that the onut probandi 
in the question at issue hes with the psychologists who accept a ^urality 
of pleasant and unpleasant tones. Those who sunply assert that tlie 
difference between pleasantness and unpleasantness is a difference of 
quality, need have no fear of contradiction; this fact is fundamental 
for any hypothesis as to the nature of the feelings. But those who 
pass beyond it to the assertion of an unlimited number of quahtative 
vaneties, may reasonably be called upon at every step to bnng evidence 
for their position from the facts. It will, therefore, only be necessary 
here to examine into the vahdity of the arguments by which the 
second view is supported. What follows is simply supplementary to 
vriiat was said above (§ 35. i, 2, 3) of the classification of the feelings. 

(a) The most olivious theory attributes a peculiar affective quality 
to every quality of sensation (cf § 34. 6). The feeling of a ‘blue’ 
would then be different from the feeling of a ‘red’, and the affective 
reaction to colours in general different from that to sounds. But this 
would mean that every sensation had two different affective tones, one 
bearing a general character of pleasantness, the other a general char- 
acter (tf unpleasantness. For every sensation quahty may be either 
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pleasant or unpleasant, according to the intensity of stimulus and the 
total state of consciousness. Now it is hardly credible that there 
are twice as many quahdes of feeling as there are of sensation. If 
there were, the difference between extreme terms withm the affective 
system would surely be so distinct that no doubt could exist in regard 
to it The most unmusical ear, i an ear of the lowest discriminative 
capacity, finds a difference between a note in the bass and a high 
tone in the treble If there really are so many different feelings, and 
if th^ are so much alike in different mdividuals as they appear to be, 
it is impossible that their difference should not manifest itself, of its 
own accord, in introspection. It may be objected that the sensation 
differences, which undoubtedly exist, obscure the finer divergences of 
feeling. But colours, as we saw (§ 17. 3), are always connections of 
simple qualities, brightness and colour tone ; and yet we are none the 
leas able to estimate the separate variation of either constituent 
Lastly, it is scarcely conceivable that, with so many separate qualities 
of pleasantness and impleasantness, what must be regarded as the 
abstract difference between pleasantness and unpleasantness in general 
should be so much more distinct than any instance of difference given 
m the concrete. 

3. (b) If we restrict the discriminable pleasantnesses and unpleasant* 
nesses to certam groups of sensations, we obtam no more support from 
the facts, while we have absolutely no prmciple upon which to rely 
for guidance. It cannot be said, «.j., that high tones possess a dif. 
ferent affective character fimn deep tones (1) because the musical 
representation of a particular mood is not effected by the employment 
of tones of any particular pitch, and (u) because all the differences 
that really exist are easily eiqihcable from certam temporal and intensive 
peculiarities of the sensations. We know that high tones can be given 
in more rapid succession, without fusion, than low tones; hence they 
are in general better adapted for quick rhythms. The unpression of 
gravity and dignity made by deep tones is, therefore, a consequence 
of the relative slowness with which they must succeed one another, 
in order to be distinguishable. This digmty or gravity, however, does 
not point to any specific feeling, but rather to a certam carnage of 
the body (with its concmmtant organic sensations) and a preponderant 
diqiosibon towards unpleasant feel ngs. In the same way, the ‘ cheerful ’ 
character ordinarily ascribed to high tones indicates their frequent 
employment in quick passages, a corresponding attitude and mobihty 
of the body, and a predominant disposition to pleasant feelings But, 
as we said just now, either region of the tonal scale may be drawn 
upon for the representation of eidier mood. Brahms, the greatest of 
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modem composers, often makes use of very high intervals, combina* 
tions of the highest and lowest tones, for the expression of a deep 
seriousness. The distmction of ‘grave’ and ‘cheerful’ tones, then, 
cannot be accepted as implying a distinction of specifically different 
affective quahties. And the same is true of the ‘warm’ colours of 
the long-wave end of the spectrum, and the ‘cold’ colours of the 
short-wave end. There is a tendency to connect red and yellow with 
passionate excitement, and blue with a qmet circumspection. But apart 
faom the bet that this interpretation of the ‘warm’ colours is by no 
means constant, we cannot admit that a ‘mood’, here or elsewhere, 
denotes a specific affective quality. It is not a simple conscious process 
at all, but essentially a complex of organic sensations, pint a disposi- 
tion towards certain feehngs occasioned by (or correlated with) them. 
The excitement into which we are thrown by warm colours is prm- 
dpally due to the more mobile attitude of the body; and this is con- 
nected with a disposition towards pleasurable feehngs In presence of 
cold colours, on the other hand, we experience a certain evenness of 
mood, resulting from the steadiness of bodily carriage, and indicative 
of an indifference of affective disposition. 

4 (r) The attempt to prove the diversity of pleasantnesses and 

unpleasantnesses by purely formal argument is still less successful. 
Thus it has been asserted that the attract concept, pleasantness or 
unpleasantness, must of necessity be discriminated from the concrete 
experiences which fall under it But such a statement merely begs 
the question, whether the two concepts, as qualitatively regarded, 
are classificatory or individual, {d) Again, it has been urged that 
both intensity and quality of stimulus exercise an influence upon the 
feelings, and that every feeling is therefore variable in two directions. 
Now this inference can be made the ground of acceptance of the 
' diversity ‘ theory, only if the variability attributed to feebng transcend 
the indisputable qualitative duality, accepted by all theories ahke 
(cf. 2, above). But a twofold dependency upon stimulus does not 
necessarily cany this implication with it We were obliged to correlate 
the qualities of the brightness series, in visual sensation, and the 
quahties of warmth and cold, m temperature sensation, with a stimnlns 
series capable of only intensive or quantitative gradation. So here, 
the relations obtaining between character of stimulus and attnbutes 
of feeling may be of the most various kinds. As a matter of fact, 
we find that pleasantness and unpleasantness are correlated not only 
with different quahties, but with different intensities: a simple mcrease 
of stimulus mtensity will change pleasantness into unpleasantness 
An aprioristic determination of the number of affective quahties on 
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this basis, is, therefore, altogether impossible. (*) lastly, the bet 
that we can distmguish pains which arise m the internal organs of 
the body as stabbing, gnawing, burning, etc., has been looked upon as 
evidence of quahtative differences within the state of unpleasantness. 
The evidence is not convincing, however, because the organic sensa- 
tions which are also exated within the body (cf. §§ 22, 23) furnish 
sufficient explanation of the distinction. At the same time, it is 
possible that pain must be recognised as a special category of 
sensation, distinct from unpleasantness which is contained in and 
expressed by it, and onginated as a rule by very intensive stimulation 
of any sensory nerve (cf § 10. 4). But even in this case, there would 
be no qualitative differences within unpleasantness, but only within the 
specific pam sensation which combines with it ir the concrete pain 
5. For the present, then, we have no choice but to adopt the 
view that the feelings possess no more than two different qualities, 
and that other differences must be referred to changes in duration, 
intensity, or concomitant sensations. The two quahties stand in a 
peculiar relation to each other: they are separated by a state of 
indifference, a neutral point. A stimulus on either side of this point 
will excite pleasantness or unpleasantness according to its character. 
The existence of the state of indifierence can hardly be doubted in 
face of a long series of observations which support it. For instance, 
any impression, pleasing or displeasing, is apt to become indiflerent 
if long continued. Very weak stimuli are naturally indifferent, unless we 
make them disagreeable by giving ourselves espedal trouble to 
apprehend them If an originally pleasant stimulus intensity is slowly 
mcreased, there will be a gradual decrease of pleasantness, and, 
following tha^ a gradual increase of unpleasantness. Introspection is 
not so clear, however, in this case, as to the line of demarcation 
between pleasantness and unpleasantness, the stage of indifference. 
It has even been argued, from an experiment of the kind (the gradual 
heating of a vessel of water in which the hand is plunged) that the 
neutral point is altogether imaginary. The argument does not hold. 
For (i) the whole process is, in all probability, too short for the 
determination of a penod of such narrow limits, (ii) Again, the 
different portions of the hand have not an equal sensitivity to tem- 
perature; so that one part may stOl be mediating a pleasant warmth, 
while others have become unpleasantly hot. And (iii) we may observe 
the transition fixim cold to heat in a similar experiment, without 
noticing the interval of indifferent temperature.' On the whole then, 

1 I myielf, at leaat, have bees muble to wmfy the occnnenca of a neutral tem- 
paratare in auch an eapenment. 
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we may regard the indifference of feeling as an established fact 
This implies, of course, that there are sensations which are neither 
pleasantly nor unpleasantly toned, — a statement which is suffiaently 
justified by a reference to the indifferent ideas and actions of every- 
day life. It is hardly necessary to emphasise, in conclusion, the 
theoretical importance of affective indifference. We saw that the 
method of expression is dependent upon its determination (§ 35. 7, 8), 
that the experimental mvestigation of the feehngs is largely 
based upon the assumption of its reality and graphic representability. 
But besides this, a certain direction is given to our theoretic ideas 
of the origin of the feelings by the fact that pleasantness and un- 
pleasantness caimot appear or subsist side by side, like two colours 
or tones or tastes, but are antagonistic to each other, arismg from a 
change of the ‘normal’ process in opposite directions (cf § 39 7) 

6 (2) The inUttsUy, like the quality, of feeling can be exactly de- 

fined only by its relation to indifferencei The greater the distance from 
this in either direction, the greater is the pleasantness or unpleasant- 
ness. Neither can be increased indefinitely; so that we can speak of 
a maximal pleasantness and unpleasantness, as the analogues of the 
terminal stimulus in the sphere of sensation (§ 24 2). We may also 
introduce the concept of the limen, definmg the just noticeable devi- 
ation from indifference as a liminal pleasantness or unpleasantness 
Any change m the position of tlie neutral pomt carries with it a change 
in the relation of affective intensity to stimulus, but, so &r as we can 
judge from the observations extant, produces no alteration m the mutual 
relations of the particular pleasantness or unpleasantness intensifies 
We may, therefore, conceive of the course of feeling as dependent m 
its totality upon external and internal conditions. This means a 
considerable simplification of affective investigation for a single 
determination will be sufficient to indicate the course of feeling in 
general. If we find, tg, that a sfimulus excites pleasure to a definite 
noticeable degree, it is at once possible (provided that this degree is 
capable of numerical expression) to calculate the position of the neutral 
point and of the various degrees of impleasantness. The most useful 
determination for an exact definition of the pleasant or unpleasant 
character of a given conscious process is plainly that of the underlying 
affective indifference. At the same time, the determination of the 
relation of affective intensities to one another does not seem to require 
any reference to the point of indifference, any more than to pleasant- 
ness or unpleasantness absolutely r^rded. At present, we can only 
speak in the ateitract of an affective lunen or of maxunal pleasantness 
or unpleasantness, since no experiments have been made with a view 
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to their quantitative expression, and the pain lunen (which has been 
hequently determined) caimot be considered either as the limen or 
the maximum of unpleasantness. 

§ 87. Reaults of the Method of Expression. Dependency 
of Feeling upon the Attribntes of Stimulus. 

I. (i) The results of the method of expression furnish practicaDy 
all the material available for an experimental treatment of affective 
quahty. There ate four bodily processes, which appear to stand in a 
fimctional relation to pleasantness and unpleasantness: voluntary move- 
ments, which can be read off from the dynamometer; changes of 
pulse, which are registered by the sphygmograph ; the rise and hill of 
the chest in inspiration and expiration, registered in a very similar 
way by the pneumatograph; and variations in the volume of a limb, 
recorded by the plethysmograph. The employment of the plethys- 
mograph has the advantage that the instrument registers the periodic 
oscillations of pulse and respiration, at the same time that it records 
the alteration of volume due to blood supply; though it does not 
render the use of sphygmograph and pneumatograph supeiffuous. Now 
the amount of work done by a muscle is entirely dependent, other 
things equal, upon the intensity of the motor central innervation; the 
height of the curves of pulse and re^iration upon the innervation of 
the cardiac and respiratory muscles; and the blood sui^ly of a particu- 
lar organ upon the dilatation of the peripheral blood vessels and so 
iqxin the irmovation of the vascular muscles. This shows, that all 
the phenomena which have been taken as expressive of feeling are 
conditioned by some group of central influences, governing central 
motor innervation. These influences, then, win be the real physiologi- 
cal correlates of the feelings. The phenomena evidently owe their 
especial value for the expression of feeling to the fact that they are 
capable of variation from a norm (itself variable) in two different 
directions On the one hand, innervation may be intensified, and the 
curve of respuation or pulse heightened or quickened, or muscular 
work increased; on the other, innervation may be inhibited or dimin- 
ished, and pulse, respiration and muscular force weakened. We may 
accordingly conjecture that the feelings will find more or less simple 
and direct expression in these opposite tendencies. 

2. As a matter of fact; the experimental results go &r to confirm 
this conjecture. Unfortunately, however, they (a) wear an appear- 
ance of complexity, due to the very different chmacter of certain of 
the inimaiy and secondary phenomena, and (i) are not altogether 
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unequivocal, some the eSects observed under the four rubrics 
being referable to different causes. For instance, the innervation of 
the cardiac and respiratoiy muscles may be mediated by excitatory 
or inhibitory nerves, the blood vessels may be arterial or venous, then- 
nerves vasodilator or vasoconstrictor, while the excitation of the different 
centres for the motor nerves concerned may be directly or reflexly set 
up To take a concrete case . mcrease in the blood supply of the aim, 
recorded by the plethysmograph, may proceed from a dilatation of 
the veins and arteries; it may be produced directly by irmerva- 
Uon of the vasomotor centre (perhaps from higher centres) or re- 
flexly, *.g., by alteration of the cardiac activity; it may result from 
an inhibition or diminution of excitation of the vasoconstnctors or a 
special excitation of the vasodilators. The flicts as observed do not 
warrant a positive decision in favour of any one of these possibilities ; 
and consequently no statement of the central conditions of the phe- 
nomenon can be anything more than hypothetical. So that althongh 
we spoke just now without qualification of an intensification and inhib- 
ition of motor mneivaflon, it cannot be assumed at the outset that 
these opposites are definitely correlated with the qualitabve opposites 
of feeling. The method of expression must at any rate be much 
more fully investigated, before we can say anything positively of the 
conditions of the processes directly recorded and observed More- 
over, the differences between the primary and secondary phenomena 
represented on a curve of unpleasantness render the interpretation of 
the fruits additionally difficult. 

3. The experimental results are as follows, (i) Pleasurable states 
are r^iulaily accompamed by increase of the force of voluntary mus- 
cular action, and unpleasurable states as regularly by its diminution. 
If we may assume that the conditions here are of a purely central 
kind, the result is relatively unequivocal; the first case apparently 
presupposing an increased, and the second a diminished exdtability^ 
of the motor centres, (u) Pleasurable feelings are regularly evidenced 
by increased power, though not by any constant acceleration of pulse 
The first effect of unpleasant feehngs is generally a weakening of the 
pulse, without any necessary reduction of its rapidity; and this is 
followed, not by a simple return to the normal, but by increase 
b^cmd it The difference between the primary and secondary phe- 
nomena of unpleasantness seems to be proportional to the strength 
of the excitatory impressions. Whether this depends upon the un- 
pleasantness or upon the mtensity of stimulus can hardly be decided, 
(iii) The respiratory corves show a similar divergence. Pleasurable 
feelings usually mean an increased depth of respiration, shown by 
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the greater amplitude of the curve. Unpleasant feelings, again, give 
somewhat more complicated and ambiguous phenomena. If the stimuh 
are weak, they first of all effect a duninution of the depth of respira- 
tkm, which is afterwards replaced by an abnormal increase. If the 
stimuli are more intensive («^., very disagreeable tastes or smells), this 
stage of increased depth of respiration appears suddenly as the 
almost immediate result of stimulabon, its permanence and amphtude 
being proportional to the strength of the stimulus, then follows a 
relaxation indicated by a lowering of the respiratory curve. Here 
again, we do not know how much is the consequence of the inten- 
sive stimulus as such, and how much is to be ascribed to the unpleasantness. 
So that it is no more than conjecture to make the relative decrease 
of depth of respuation the real functional expression of the feehng 
of unpleasantness In all probabihty, pleasure has the same two 
stages of expression (only in the contrary direction), and it is merely 
due to the small mtensity of the pleasurable feelmgs experimentally 
aroused that they have not been remarked (iv) Pleasurable states 
are ordinarily attended by an increase of volume, » e., a dilatation of 
the peripheral blood vessels, and unpleasant states by a dimmntion 
of volume, t a constriction of the peripheral vessels. 

4. We cannot here enter upon a detailed discussion of these phe- 
nomena, and the various possibihties of their interpretation; but we may 
endeavour to formulate a general hypothesis from which the experimental 
results can be deduced with some degree of sunphcity and probabi- 
lity. It would seem that the universal concomitant of a pleasurable 
state IS an increased excitability of the sensory and motor areas of the 
cerebral cortex. This appears to be a necessary inference from the 
fact that weak or moderately mtensive stimuli, which increase the 
exdtabihty of the nervous centres, ordinarily give rise to pleasurably 
toned sensations (§ 34. 6). It would seem, on the other hand, that 
the universal concormtant of an unpleasurable state is a dimmution 
of central exatabihty in the motor and sensory spheres This view 
is supported by the familiar fact that more mtensive stimuli, which 
are ordinarily unpleasant, bnng about a reduction of nervous exata- 
bihty. Introspection affords a confirmation of the general hypothesis. 
In a pleasurable state, we usually find an acceleration of the 
train of ideas, an increased tendency to movement, a greater fadhty 
in the apprehension and estimation of perceptive material; in an un- 
pleasurable state, a retardation and restriction of the course of 
ideation, a diminished disposition to voluntary and involuntary move- 
ment, and a difiiculty of discriminative perception. And lastly, obser- 
vations upon mania (in which there is excess of pleasure) and melan- 
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cholia (in which there is constant unpleasantness) point to the fact 
that the ultimate physiological equivalent of a pleasurable state is the 
mciease of excitability following from a dilatation of the blood vessels 
which supply the brain, while the ultimate physiological equivalent of 
an unpleasurable state is the lasting diminution of exatability con- 
nected with constnction of the central vessels. We must, therefore, 
suppose that the increase of cardiac and respiratory activity and of 
voluntary movement, observed m the experiments, is a simple conse- 
quence of the heightened exatability of the pleasurable state, while 
the corresponding decrease of these motor phenomena is the direct 
consequence of the lowered exatabihty in the unpleasurable state. 
The mcrease or reduction of volume, on the other hand, may be 
regarded as a reflex result of the inaease or reduction in cardiac 
activity; and the secondary phenomena m unpleasantness as the reflex 
motor effects of intensive stimuli. It must be remembered, however, 
in the latter connection, that the first effect of a diminution of blood 
in the capillaries of the bram is probably an inaease of excitability, 
which passes later mto a more or less marked decrease 
5 (2) The serial method has been employed hitherto only in con- 

nection with the temporal and spatial aspects of stimulus. No really 
systenuitic experiments have been made on the relation of its quality 
and intensity to feeling. We must therefore attempt to determine this 
from the more occasional observations of everyday experience, (fl) The 
quality of stimulus seems to be of some unportance for feeling m all 
sense departments; certain qualities are distinctly preferred to others 
of the same sense, quite apart from individual variation. Deep tones 
are ordinarily more pleasant than high tones, c.g, and the very highest 
axe as a rule positively disagreeable. Many persons find the colours 
of greater refi-angibihty than green more pleasant than those of less 
refrangibihty (red and yellow). Yellow in particular is almost universally 
regarded as the least agreeable colour. Sweet is usually considered the 
relatively most pleasant taste, and bitter the relatively most unpleasant 
Scents are so closely connected with feeling that they are commonly 
divided into agreeable and disagreeable. As we have no scientific 
pnnaple of classification of the olfactory quahties (§ 13. 3), it is im- 
possible to state with any further degree of accuracy which are pleasant 
and which unpleasant In the sphere of cutaneous sensation, warmth 
is generally more pleasant than cold; pain is deadedly unpleasant; 
and smoothness and bluntness are preferred to roughness and sharp- 
ness. The organic sensations, again, are so intimately and constantly 
cormected with feeling, that the resultant complexes (moods and emo- 
tions) have only recently been analysed mto their components. We 
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have no means at present of drawing op a scale of qualities, and caimot 
therefore reduce the complicated interrelations of the two to any sbnple 
schema. It iqipears, however, that all the qualities of organic sensa- 
tion, but those of the common sensations in particular, can combine 
with relatively vivid feelings, and that the more intensive the sensation, 
the more distinct is its affective colouring. The articular sensations 
are perhaps less mailiedly affective than the tendmous and muscular, 
and these again, perhaps, than hunger, thirst, etc. 

6. We caimot say at present why it is that a particular quahty 
calls forth a particular affective reaction, since we have no knowledge 
of the physiological effects of the different stimuli. But the fact that 
no stimulus b absolutely and always a stimulus of pleasantness (§ 34. 3; 
§ 35. 4) seems to show that the differences in the affective influence 
of particular stimulus qualities must be referred in the last resort to 
differences of quantity or mtensity. In other words, the dependency 
of the feelmgs upon the quahty of stimulus must probably be narrowed 
down to a dependency of the point of indifference or of the affective 
hmen. A high tone will produce the same effect upon feeling as a 
low tone, on this view, if it is given at a certain difference of intensity 
from the low tone. Or a very large dose of sweet will produce the 
same unpleasant effect as a veiy small dose of bitter. It should, there- 
fore, be possible, by smtable gradation of stimulus intensity, to obtain 
affective equations expressive of the influence of quahty. And it might 
then be conjectured that the vanons qualities at the same intensity 
set up quite different physiological processes. Unfortunately, the 
hypothesis cannot be applied m detail, as there are no observations 
extant upon the point, either psychological or physiological. We will 
therefore assume, for simphdty’s sake, that the different stimulus qua- 
lities have different effects, positive or negative, upon the exatabihty 
of the cerebral cortex ; and that the intensity necessaiy for its increase 
or decrease, is veiy different for different stimuli. There is no need 
to justify this particular formulation (cf. 4, above).— Only one stimulus, 
again, can be regarded as absolutely and always a stimulus of un- 
pleasantness— that of pain. But the stimulation is, of course, very 
intensive ; consisting either in a direct alteration (mechamcal. electncal, 
thermal, or chemical) of the sensory nerve fibres, or a very strong 
excitation of the sense organ itself Nevertheless, it may run its course 
also without unpleasantness, if the excitability of the central nervous 
substance is artificially diminished («.^., by chloroform) or has been 
reduced by disease (r.^, tabu donalu). We then have analgesia, a 
state of painlessness, in which an ordinarily painful impression, 
say, a needle prick, is sensed simply as pressure or contact 
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7. ( 6 ) The great importance of stimulus iniemtty for pleasantness 
and unpleasantness is vouched for by the result of the foregoing dis* 
cussion of the relation between feeling and stimulus quahty. It is 
usually summed up in the following rule : weak to moderately strong 
stimuli exate pleasantness, stronger stimuh unpleasantness (§ 34- 6; 
cf 4, above). But this law cannot lay claim to universal validity, since 
it says nothing of the influence of quahty , and it is very variously 
applicable in diflerent circumstances, being crossed by the more general 
conditions of the affective consdousness (§ 39). It is radically wrong 
in correlating the appearance of the two feeling qualities with particular 
stimulus magnitudes, however relative their definition. We can only 
repeat here what we have said before, that no stimulus intensity is in 
itself provocative of pleasantness or unpleasantness; and that conse- 
quently difi^erence m intensity can be accredited only with a relative 
importance as determining the degree of feeling under otherwise equal 
conditions. If a weak stimulus exate pleasantness, at a greater inten- 
sity it may either increase pleasantness, or decrease it and ultunately 
change it to unpleasantness, accordu^ to the positron of the neutral 
point It cannot be 
said that a stimulus, to 
produce increase or de- 
crease of pleasantness, 
must be of this or that 
particular strength or 
weakness in the particu- 
lar case. — The ordmaiy 
course of the affective 
reaction, as depicted in 
the psychologies, is as 
follows: a very weak, 
but sensible stimulus has 
no noticeable effect upon 
feeling ; as its intensity increases, the limen of pleasantness is reached 
and passed, and mayimal pleasure attained; from this point the 
intensity of feeling decreases up to the stage of indifference ; and this 
in turn gives way to a liminal unpleasantness, inaeasing by degrees 
to maTimal unpleasantness. Wundt has represented this course by a 
curve, which is reproduced in F^. 8 The various points of the Imo 
xxf denote stimulus intensities, from the zero-value, j?, to an intensity 
beyond that of the terminal stimulus, xf. The ordinates yy* give the 
intensity of pleasurable (calculated in the positive direction, above xxf) 
and unplesaurable (negative, below feeling. The continuous curve 
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shows the increase of sensation intensity; a is the stimulus lunen, 
€ the neutral pomt, ( the cardinal sensation value (the value at which 
sensation increases in duact proportion to stimulus intensity). Wundt 
conjectures that maximal pleasure coincides with this cardinal value of 
sensation. The dotted curve, lastly, indicates the course of feelmg. 

8. The validity of this schema and the interrelations of the 
various affective stages have never been subjected to a thorough 
experimental test We may hope that the senal method in particular 
will assist us to a more accurate formulation of the dependency of 
feeling upon intensity of stimulus. An absolute estimation of the 
affective value of a stimulus intensity leaves too much to the temporary 
disposition and purpose of the individual, and so cannot be relied 
upon as an mdex of its pleasantness or unpleasantness. That mtensity 
of stimulus is of great importance for feeling is put beyond all doubt 
by feicts of everyday occurrence in ordmary life. And certain effects 
of (c) the temporal relations of stimulation are reduable to it We have 
more than once remarked that the duration of a stimulus may 
produce the same result in consaousness as its mtensity (§ 17. 2, etc.). 
We may now bracket with duration the frequent repetition of stimula- 
tion, mtenmttent exatation. Both duration and frequency exert an 
influence upon sensation, but to nothing like the same degree as 
upon feeling. A weak stimulus, which at first is hardly pleasurably 
toned at all, may if it persists cal! forth every form of the affective 
reaction, up to maximal unpleasantness. And the influence of mter- 
mittent stimulation is even more marked. It accounts, for the 
unpleasantness of tickhng (§ 23. 3), of flickering lights, and of beating 
tones (§ 14. 3). The stimulus may at first be pleasant (as is often 
the case, €.g, with tickling); but this primary effect of weak stimulation 
very quickly changes to the opposite quahty. It is noteworthy that 
all these modifications of stimulus —mtensity, frequency and duration — 
are familiar to neurologists as conditions of central excitability! 
As a general rule, stimuh which are weak to moderately strong, of 
short duration, and of infrequent recurrence, increase excitability, 
while those which are very strong, which persist for a long time, or 
which recur at brief mtervals, decrease it (cf. 4, above) Here is 
further evidence, then, of the unportance of central exatabihty for 
the affective consciousness. 

§ 88- The Elementary .fisthetic Feelings. 

I. The temporal relations of stimulation produce a qmte different 
effect upon feeling, when the temporal attribute as such is the object 
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of perception and judgment, tjt„ when pleasantness and unpleasant- 
ness are their direct, and not simply then mdirect results. Their 
affective influence is then altogether mdependent of that of the other 
stimulus attributes. The same is true of the spatial relations of 
stimulation, which also serve within certain limits (§ 17. 2) merely to 
mcrease or replace mtensity. The sphere of this special influence is 
that of the elementary aesthetic feelings; the sphere in which the 
serial method has found its most extensive application (§ 37. 5). 
Ever since there have been works of art, pamtmgs and statues, 
capable of exciting pleasure by the arrangement and proportion of 
their constituent parts, and ever since the preference of one tune 
order over another has shown itself in the rhythmical succession of 
movements, words and tones, the aesthetic judgment has been mainly 
founded upon the nund’s appreciation of the temporal and spatial 
relations of its impressions. Both he beyond the limits which we 
have set hitherto to our treatment of affective variation— the limits 
of a purely sensible dependency of feeling upon stunulus. A perfect 
square is more pleasing than a slightly unperfect square, although 
the area of the two figures, the quanti^ of light which they reflect, 
the duration of then action upon the retina — in a word, all the 
sensible attributes in virtue of which they could produce a difference 
m sensible exatation — are precisely the same. And a rhythm in f 
time with accentuation of the firat quarter note is generally more 
pleasing than an exactly similar rhyflim with accentuation of the 
second or third, altogether irrespectively of the sensible effect of the 
total mterval or the separate intervals, of the mtensi^ of each note, 
etc. The vanation of feehng in these cases cannot, then, be referred 
to the power of stimulus directly to mcrease or decrease the degree 
of central excitability Important as tliat may be secondarily, in 
particular instances, the ultimate basis of the aesthetic judgment must 
be sought elsewhere. 

2 A further reason for this conclusion is given by the fact that 
aisthetics, the aesthetic attitude and judgment, is a histoncal develop- 
ment, not necessarily implicit in the sensible organisation. The 
pleasurable or unpleasuiable effect of stunulus quahties and mtensities 
can be traced in the nniTnal mind as certamly as in our own, by the 
aid of unequivocal expressive movements; but aesthetic effect pre- 
supposes a certam degree of human civilisation. Again, the conditbns 
of the aesthetic judgment difier widely from time to time, from nation 
to nation, from individual to individuad; but this has no analogue, 
even approximately, in the sphere of sensible feeling. And lastly, 
the mtemal dispositions or conditions are of absolutely decisive import- 
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ance for the appearance of esthetic pleasure or displeasure, while 
they are &r less significant for the feelings which dqiend upon 
stimulus. Everything pomts, then, to the origination of the sesthehc 
feelings in central rdations. Some light is thrown upon the nature 
of these relations by the slow development of the aesthetic feeling: 
It b not often that it arises at once, like the sensible, as the simple 
and direct consequence of the impression. If we look a little closely 
into the contents of thb interval of development, we find comparison, 
reflection, vadllatory judgment — ^in a word, a manjrsided activity of 
rqiroduction. We may accordingly conjecture that the aesthetic feeling 
originates in a rtlaiion of tht ptrteived impresston to th$ rtprodmcHon 
which it excites. Our schematic representation of the course of feeling 
under the influence of stimulus intensity will then be applicable in 
the present connection. Too httle effectiveness for reproduction will 
produce no affective result; a greater, pleasure; too great, unpleasamt- 
ness. Now if the relation between sensation and judgment (to put 
it briefly) b the source of origin of the aesthetic feelings, the degree 
of facility and certainty with which judgment b passed must naturally 
have a part to play in their arousal; they may be brought into 
connection with sensible dbcnmination. And thb origin would serve 
to explain further why pleasure in the beautiful b ‘dbinterested’. 
The reproductory effectiveness of a sensation has plainly nothing to 
do with a desire for die possession of the object which exates it 
3. Before proceeding to discuss still other consequences of our 
hypothesis, we will give a short summary of the results obtained by 
the serial method as regards the effect of the spatial relations of 
stimulus iqion feeling. Only one general remark needs to be made by 
way of prebce. We are dealing here not with absolute spatial mag- 
nitudes, but with the relations of spatial magnitudes to one anothei. 
The former topic has already been discussed by implication: ex- 
tension and duration (or firequency) produce the same impression as 
mtensity (cf. § 37. 8). Thb fact is also of importance as indicating 
the distinctive position in which the ssthetic feelings stand. But the 
category b wider than we have hitherto made it We are able to 
appredate the relations of qualities and mtensities (more especially of 
qualities), quite apart fix>m their absolute and separate s^pificance. 
The feeling which b expressed in a judgment of thb kind b also 
denominated an esthetic feeling. Thus our judgment of the beauty 
of a picture may be essentially determined by the qualitative fiictoi, 
as well as by the spatial; indeed, the artist may even be led to dis- 
r^ard the latter in hb striving for qualitative effect, as we see in the 
works, t.g., ot Arnold Bdcklin. Unfortunately, no systematic experi- 
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ments have been made on this point A serial investigation oi the two 
great classes of visual quality, colour tone and brightness, indepen- 
dently and in their mutual relations, would be especially valuable.— In 
the same way, a connection of tones in a compound clang or a 
melody is the object of pleasure or displeasure, quite irrespectively of 
the affective value of the individual tone or clang. When we speak of 
a melody as ‘voluptuous’, etc , we have in mind the peculiar aesthetic 
effect of the quahtative relations which it employs, an effect which 
may persist unimpaired though the sensible clang stimulus as such is 
very greatly weakened. We may conjecture that the basis of the 
aesthetic feeling is the same in all these cases, as in those ated above. 
The conjecture is certainly borne out by the rules of aesthetac prac- 
tice in painting and music, so hur as anything to the point can be 
learned from them. 

4. We may now enter upon a discussion of the uniformity discovered 
for simple spatial relations. The first maximum of pleasantness in 
the division of a straight line is given with the apparent equahfy of 
the two parts, i^., with the apparent proportion 1:1. Our visual 
sensible discrimination of length is relatively very accurate, and the 
aesthetic feeling is very sensitive to noticeable deviations from sym- 
metry. Thus, an objective bisection, which is not judged as a bisec- 
tion, in consequence of optical illusions or other constant sources of 
error, is not felt as pleasing, but as relatively very unpleasing. A 
second maximum of pleasantness in the division of a straight hne 
occurs at the golden section. In the proportion of the golden section, 
the smaller part (minor) stands to the larger part (major) as the larger 
to the whole line. If we call the minor i and the major x, we 
have a simple expression for the golden section in the proportion 

I ± VT 

I :x = x:i+x, which gives an irrational number, x =» . 

The sign of the square root is positive for a positive major, negative 
for a negative The ratio of minor to major is approximately 
I : 1.618. Arithmetically, the right proportion is more closely ap- 
proached, the farther the series 2, 3, 5, 8, 13,21,34,55.. which 
each term forms the sum of the two next before it) is continued. 
This series renders it quite easy to divide a line according to the 
golden section with practical accuracy, even without the aid of the 
construction fomiliar from elementary geometry. The interesting 
mathematical properties of the golden division have frequently been 
discussed; but no one has called attention to its most important 
psychological characteristic, f.r., to the fact that the ratio which it 
expresses is simply a special case of the constancy of the relative 
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sensible discrimination, or of Weber’s law (cf. § 7. 8; § 26). If this 
law holds for visual measurement, it is demonstrated that the division 
of a Ime at the golden section produces apparently equal differences 
between minor and m^or on the one hand and major and whole 
line on the other. 

5. As a matter of tact, Weber’s law has been foimd to hold for 
visual measurements within certam limits (cf. § 59) Unfortunately, 
sensible discrimination has not been investigated by the method 
required for a strict osmparabihty of results : there has been no com- 
parison of the relations of three lengths to one another, and, more parti- 
cularly, no testing of sensible discrimination by the division of a total mag- 
nitude. But we have seen (§§ 6,7) that a difference lunen determined 
by one of the methods of error or gradation may be regarded as a 
difierence which is apparently equal to all other difference hmens. 
And if die relative remam approximately constant, it may be 
assumed that apparently equal differences of supraliminal magmtude 
will correspond to equal objective relations. In that case, we have 
in the pleasingness of the golden section sunply the pleasingness of 
apparently equal differences. It represents, so to speak, a symmetry 
of a higher order. It is not surprising to find that deviations from 
an accurate division at the golden section are not so quickly or cer- 
tainly felt to be displeasing as deviations from apparent equality. 
For (a) the estimation of the equahty of differences appears always 
to be made with less assurance than the estimation of the equahty of 
stimuli. And (i) in the case of the division of a line, the conditions 
are peculiarly unfavourable to an estnnation of the former kind. This 
explains why a deviation from Weber’s law, which has frequently been 
found in investigations of sensible discrimination, has but little efiect 
upon the pleasingness of the golden section for feeling. 

The same two maxima of aesthetic effect have also been observed 
in figures in which the proportions of symmetry and of the golden 
section somehow recur. Thus, the most pleasing rectangles are the 
apparent square (*.«., i : \) and the figure whose vertical and hori- 
zontal sides stand in the ratio of the golden section ; the most pleasing 
ellipse is that whose two axes stand in this ratio, etc. Constant errors 
of overestimation or underestimation of distances, such as always 
attend, /^., the comparison of horizontal and vertical lines, must, of 
course, be eliminated before the proportions are calculated. It is 
easy to determine the relative pleasingness of other linear divisions 
by intercomparison, and so to construct a curve, the ordinates of 
which express degrees of pleasingness, and the abscissae stimulus 
proportions. We need not here go into further detail, especially as 
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tbe oqperimental investigations extant are by no means complete. 
We vrin call attention only to two other points: to the noteworthy 
£sct that variation of the absolute m^mtude of the separate terms of 
a proportion does not influence the sesthetic judgment, provided that 
it does not noticeably disturb comparison, and to the olmrvation that 
if comph'cated figures are employe^ presenting various proportions for 
estimation, one or another is very apt to have no share m the aes- 
thetic impression, or to be overlooked in the aesthetic judgment It 
is therefor^ necessary for the experimenter to be extremely caireful 
to define the real object of aesthetic appreciation. 

6. After this summary of the results of experiment upon the 
elementary aesthetic feelings, we may return to our attempt to group 
them under an explanatory rubric (a) We notice, in the first place, 
fiiat the observations lend every support to our conjecture that these 
feelings are not due to simple sensible excitation, but to a relation 
between sensation and judgment, impression and reproduction. It may, 
perhaps, be objected that the pleasingness or unpleasingness of the division 
of a line is determined by its influence upon eye movement The 
pleasantness of apparent equality, we must admit, might possibly be 
conditioned in this way; but the hypothesis breaks down in face of 
the ordinary preference of division at the golden section to apparent 
bisection, and is obviously altogether inadequate to explain the occur- 
rence of similar proportions in rhythm. We must rather suppose that 
the conditions ot genetic effect are not particular influences, valid for 
a single sense organ, but influences of a general nature, valid for sense 
impressions in general. There seem to be three principal factors m 
the production of the elementary aesthetic ieelings. The first (1) is 
the d*Urmtnateness of tit reproductoty efftct of a sensation. The more 
definite the eflTect, the more pleasing will the impression ordinanly be. 
The second (ii) is the degree of fanhty with which reproduction is 
consummated. Here we have the three fomiliar stages the too easy, 
which does not excite auiy noticeable feeling; the moderately easy, 
which excites pleasure; amd the too difiicult, which excites unpleas- 
antness (cf. 2 above). And the third (ui) is the rtlahon between the 
repnductory effect of the total tmpresston and that of iU eeparato contti- 
ttunU. The greater the agreement between the two, the pleasanter 
does the impression appear. The co-operation of all three in the 
concrete case is sufficiently obvious, (i) The judgment of the appa- 
rent equality of stimuli and stimulus differences (as we have remarked 
in another connection: cf. § 6. 4) is psychologically simple, uneqm- 
vocally conditioned. The judgment ‘diflerent,’ on the other hand, 
can be put into definite form only by a special and laborious con- 
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n«ction of several judgments, which implies an extreme vadHation and 
uncertainly of reproduction on the part of the observer. Slight devia- 
tions from ^parent equality are, therefore, paiticnlarly unpleasing, 
(ii) Again, it is easier to cognise the apparent eqnahty erf stunuh 
than the apparent equality of stimulus differences. In the first case, 
cognition is on the borders of the ‘too easy,’ in the second it usually 
corresponds exactly to what we have called tiie ‘moderately easy,’ 
the pleasurable. At the same time, this relation is not constant 
If the figures are veiy complicated, the judgment of apparent equality 
of differences may be too difficult In that case, division at the golden 
section is not always found pleasant, or pleasanter than the apparent 
equality of the magnitudes or their complexes, (ui) And lastly, with 
apparent equality of differences, die effectiveness of the total impres- 
sion for reproduction is entirely coincident with that of its separate 
constituents, inasmuch as these are reproductively active only in their 
mutual relabon, and not in ffieir own right With the golden section, 
the single judgment ‘equal’ covers all proportions. But with the 
aj^iarent equah^ of the distances, the judgment ‘equal’ holds simply 
of the relation (ff the separate parts, while the relation of each of 
them to the total distance is expressed by the ratio i ; 2. The 
required agreement is, therefore, less with apparent equali^ of dis- 
tances than with qiparent equali^ of then differences. This, agam, 
serves to explain the customary preference of the latter m the affec- 
tive judgments, (i) And, finally, our general theory is confirmed by 
the fact that the constant error in the comparison of spatial magnitudes 
is of determining influence on sestiiebc appreciation. This clearly 
shows that it presupposes a relation of the sensations to sensible 
discrimination or sensitivi^. 

7. The view here presented has one obvious advantage : w6 obtain 
fixim it a quantitative formulation of the degree of pleasantness or 
unpleasantness, which can always be tested by a direct appeal to the 
facts Another of its good qualities, not so evident, perhaps, but none 
the less real, is that it can be put in the form of a jisychophydcal 
theory, and co-ordinated with the physiological interpretation which 
we gave above of the results of tiie method of expression and the 
influence of stimulus intensi^ upon the feelings. This appears most 
plainly with regard to our second principle. It is natural to posit the 
same differences of central excitability for the relative facility of a repro- 
duction as for the relative intensity of an impression. The dynamic 
revival of previous excitations must also stand in intimate relation to 
the excitability of the nervous substance, and restriction to a limited 
area and a slight expenditure of energy will produce a different 
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central effect from that of extension over a wide range and intensive 
action upon numerous centres of excitation. But the analogy with 
the effect of stimulus extends further, to the relative determinateness 
of a reproduction (our first principle) Indeterminate reproduction 
may be conceived of— and the interpretation is supported by introspec- 
tion — as an intermittent process, a vacillation between different judg- 
ments or reproductions. But intermittent stimuU excite unpleasantness ; 
and the disagreeableness of an impression which gives rise to indeter- 
minate reproductions may very well have its source in the alternation, 
the restless osallation of the activity of reproduction. We have a 
similar mtermittence of reproductoiy impulses, combmed with oscilla- 
tion of impulses to movement, m uncertainty, hesitancy, doubt, etc.; 
and all these states are unpleasant moods or emobons Lastly, 
the third prmciple, the relation of the reproductoiy effect of the total 
impression to that of its separate constituents, pomts to an adjuvant 
or inhibitory function of different reproductions, exercised when they 
are given in juxtaposition. We caimot at present form any definite 
conception of the actual mechanism of this reinforcement or inhibition. 
Apart from h, unpleasantness may be excited here, too, by an inter- 
mittence of reproduction, due to a divergence of the judgments 
suggested by the total impression and by its separate constituents — 
In this way we obtain a sunple psychophysical interpretation of the 
elementary aesthetic feelings, which is agam couched m terms of 
increase or decrease of exatabili^ m the central organs (cf. 
§ 37 4)- 

8 Something must be said, in conclusion, of the apphcability of 
our three principles to other relations than the temporal and spatiaL 
Where quahties and intensities of sensation are the factors m affective 
exatation, the absolute character of the various stimuli will always 
play a large part in the result. But some importance must be attrib- 
uted, at least in many cases, to the relation obtaining between im- 
pression and reproduction. We prefer, e.g., a series of colours whose 
brightness is evenly graduated to a series which shows irr^lar differ- 
ences of brightness. This judgment contains an ssthetic apprecia- 
tion, based upon the difference of reproductoiy effect in the two 
cases. Again, some tones are pleasant in combination, others un- 
pleasant or mdifferent This is also due (apart always from the 
sensible effect of the separate tones, or the possible occurrence of 
beats) to the relation of their reproductions, and more eqieaally to 
the relative intensity of the excitation of the activity of reproduction 
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the degree of harmony. The most harmonious tones are those whose 
vibration rates stand m the proportion i : 2, i.*., which constitute the 
octave. But this interval hardly excites feeling at all ; it is indififerent 
The most pleasant interval for most persoirs is the major third, which 
is not so perfect a harmony. The reason must be, that the repro* 
ductory effect of the total impression is here approximately equal to 
that of the separate clangs. In some cases the affective judgment is 
further influenced by the apparent equality of the differences in 
chords or tonal series. No one of these phenomena has been ade- 
quately investigated. 

The principles are also applicable, mmUttix mutandis, to the activity 
of memory and imagination, to the moral, logical, and religious 
feelings. The pleasurable feeling aroused in us by a valid judgment, 
a good action or a settled conviction, is capable of reduction to the 
relation between impulse to reproduction and reproductory effect: 
we cannot here enter into details. The more complicated the object 
of affective appreciation, the less possible, of course, is it to decide 
a priori what aspects of it will be effective, and, consequently, what 
will be the nature of the resultant feeling. Moreover, as we have 
already remarked (§ 35. 8), the associative &ctor is largely concerned 
in all the ‘higher’ feelings. This means that the agreeableness or dis- 
agreeableness of an experience is determined by the affective value which 
the ideas, judgments and actions excited by it possess for the individual 

§ d9- The General ConditionB of Feeling. 

I. By the general conditions of feeling we understand, in the first 
place, the processes indicated by the terms attenUon, expectabon, 
habituation, fatigue, etc. (cf. § 5). In connection with the attention 
we must also take account of the influence of will, and of the various 
individual dispositions of the affective consaousness. And lastly, we 
must examine into the apparent dqiendency of the feelings upon one 
another. 

(1) (a) We begin with attention. The relation of attention to sensi- 
tivity and sensible discrimination has already been discussed (§ 5. 2, 3) 
We found that its influence was distinctly favourable : it increased the 
clearness, vividness, and reproductivity of sensations. We shall, there- 
fore, be justified in supposing that a definite influence upon feeling 
accompanies these effects upon sensation. And we find, as a matter 
of fact, that attention is equivalent in its effect to an intensification of 
external stimulus. A weakly pleasurable feeling is intensified by the 
direction of the attention upon its concomitant sensations, and an 
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imimssion which stands on the borderline between pleasantness and 
unpleasantness may be made unpleasant by an intense concentration 
of the attention upon it In a certain sense, then, attention is a 
&tvouiable condition for the feelings as it is for sensation. But, cun- 
ously enough, the result is quite different if attention is turned upon 
the feeling itself. It is a familiar &ct that contemplation of the feelings, 
the devotion of special attention to them, lessens their intensity and 
prevents their natural expression. This diminution of intensity does 
not consist in a reversal of the course of feeling under intensificatory 
influences (§ 37 7), but in a tendency of the affective contents to dis- 
appear altogether, to make way for the state of mdifference. It 
would seem that attention never transforms an unpleasantness into a 
pleasantness. Such, at least, is the author’s experience. 

2. Attention, then, is adverse to the feehngs, when concentrated 
directly upon them, it., produces quite different results upon feeling 
and sensation. The fact needs further investigation, preferably by the 
method of expression It is of great importance for a theory of the feel- 
ings. There appear to be only two possible explanations of it, and they 
are closely related (1) We might suppose that the direction of the atten- 
tion upon the feeling accompanying a sensation is equivalent to its diver- 
sion from the sensation. The further consequences would then follow of 
themselves, if we assume that feeling is in some way dependent upon 
sensation. The diversion of attention from the sensation renders it 
less vivid and distinct, etc.; the feeling, which is dependent upon 
these attributes of sensation, must therefore undergo a similar modifi- 
cation. (ii) If, on the other hand, feehng is regarded as a product 
of the co-operation of sensation and attention, it is plain that diminution 
or alteration of the second factor will have die same effect upon 
feeling as obscuration or alteration of the first The only difference 
(it will be noticed) between the two hypotheses is that the latter gives 
attention a definite share in the origmation and direction of the 
feehngs. In neither case is it meant of course, that sensation and 
attention as such, t.#., as experiences, condition feehng; the words 
are merely used to cover psychophysical processes which stand in a 
determinate relation to the psychophysical process of feeling. It is 
difficult to decide, at present between the two views, as the facts 
can be brought equally well under either. But as within certain 
limits (defined by the intensity, number, and reproductory effect of 
sensations: § 75) we can concentrate the attention upon any one 
sensation to the exclusion of others, it is certamly fair to infer fiom 
its relation to feeling that the feelings stand in a closer coimection 
with sensations than diese with one another. 
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3. A decision can be reached only by way of an exact detennina* 
tion of the effect ot the direction of the attention npon feeling. 

I a tenet of ^thysmognphic expezimentt npon tUt point, whidi teem to 
throw tome light npon it, although they have no claim at all to be regarded at 
finaL The attention carve (I nae thia expresnon for the take of brevity to 
denote the tphygmogram obtained when the attention was directed npon a feeling) 
ihowed a conatant appioxtination to the normal curve (cnrve of mdiderence, taken 
before the expenmenta) only in the case of pleasurable feelings. On the other 
hand, the alowing of the polae during the comae of an unpleasant feeUng wu 
mcreaaed by an affective direction of the attention The subject often insisted 
that the feding had altogether disappeared nnder attention, and that it was very 
difficult, in any to attend to jdeasantness or unpleasantness Feeling 

too little objectivity and substantiality for the attention to be directed and held 
npon it It is focussed for a moment, and then other processes, especially or- 
ganic sensations, interpose and take possession of the conscious fixation pomL 
This fiact, is easily explained on the assumption that attention is adverse to 

feehng. 

The first of the alternative views given above asserts that the 
direction of attention upon feeling is always equivalent to a weakening 
of sensation or of the stimulus which occasions it But m that case, 
it must be possible, under certain circumstances, for unpleasantness 
to be transformed into pleasantness; diminution of an intensive and 
consequently rmpleasant impression may make it pleasant Now if, 
as a matter of fact fbe direction of the attention upon feeling always 
results in indifference, its effect is plainly not simply that of a weakening 
of stimulus or sensation, and it must therefore, have a special part 
to play in the origination of the feelings, — as the second hypothesis 
maintains. Presupposing that pleasantness is cormected with increase 
and unpleasantness with decrease of excitability in the central organ, 
we are thus led to the conclusion that the effect of attention is to 
compensate these functional modifications. The result is produced, 
however, only when the attention is concentrated npon the feehng and 
not upon its attendant sensation. In the latter case, the piqrchophysical 
process in sensation is allowed free scope as a determinant of exdta- 
bflity. This conclusion is borne out by the consideration that attention 
is, in all probability, not a positive process, which adds something 
to the consaous contents already present, but a process of inhibi- 
tion (§ 76. 5). 

4. Whatever may be the true interpretation of the facts, there 
can be no doubt of their great practical importance. Attention gains 
a new significance as the font tt origo of circumspection, sobriety, 
coolnew of judgment. It illuminates the obscurity of feeling, and 
allows a dear and just view of the question at issue: or, to change 
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the metaphor, it puts the reins of conduct in the hands of reason. 
We speak of an ‘emotional’ mind, when we mean one that is too 
exclusively subject to the gmdance of its feelings, one which does 
not make these feelings themselves the object of observation and 
examination; of a ‘rational’ mind, where we see evidence of a 
developed capacity of active, inhibitory resistance of feeling. We 
shall not be far wrong in regarding the difference as due in the main 
to the special direction of the attention, which in the first case is 
wholly devoted to the sensations accompanying feeling, in the other 
is, often at least, diverted to the feelings themselves. The difference 
between the naff or impulsive and the reflective or calculating dis- 
positions is of a precisely analogous character. 

(A) It will be readily understood that the influence of ta^ctatton 
upon feeling is practically the same with that of attenbon If it is 
directed upon the concormtant sensations, pleasantness and unpleasant- 
ness attain their full force, while its concentration upon the feelings 
effects a noticeable reduction of their intensity. It is a familiar 
eiqierience that the unpleasant is more disagreeable, and the pleasant 
more delightful in anbapation than in reality. A long expected 
pleasure is often disappointing in its realisabon. There may, of 
course, be other reasons for this: there may be aspects of the leahty 
which were not foreseen and expected and which, nevertheless, 
contribute largely to the affective result; or hope deferred may have 
brought relaxation and exhaustion, widi a consequent lack of appreciation 
when the hoped-for happens. But quite apart from these secondary 
phenomena, the influence of expectation as preparatory attention 
may be conceived of as similar to the influence of attention itself. 

5 (<■) The effect of habttuatwn on feeling is very like that of 

attenbon, ia., under its influence both pleasantness and unpleasantness 
approach indifference. Here again, there is no evidence that un- 
pleasantness passes into pleasantness (cfi i, above) Observations 
that seem to point toward any such process are referable to other 
causes. At least, the reverse passage, of pleasantness into rmpleasant- 
ness, will be found to be of hardly less frequent occurrence; and no 
one would attempt to explain it by habituation. The organism adapts 
itselt to constantly repeated excitations, on the same princqile that 
the mind is reassured by the occurrence of the known (cf. § 27. 5) 
Habituation has the same compensatory power in the sphere of 
feeling which we ascribed to attention (cf. 3, above). 

{.d) The effect 01 fatigut is the same with that of an intensification 
of the internal or external stimulus. It weakens what would otherwise 
be a pleasure, and increases what would normally be a moderate 
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unpleasantness. If fettigue is continued to exhaustion, this increased 
wtmnnlah ility is changed to an equaDy well-marked dulness. In the 
first stage, quite weak stimuli may be very unpleasant, m the second, 
stimuli of considerable mtensity exert no noticeable influence. This 
agrees with the general characterisation of unpleasantness, as correlated 
first with an increased, and then widi a greatly duninished exdtabihty 
(§ 57. 4). Now if we set out with an abnormal degree of excitability, 
as in the first stage of fatigue, even a weak stimulus must be unpleasant, 
since it will necessarily bring about a still further increase. The 
influence of fiitigue is, therefore, explicable in terms of the underlying 
central nervous excitability. 

(«) Conirati has sometimes been included among the general condi- 
tions of feeling. But it is not a simple prmaple, and its influence 
cannot be nneqiuvocally defined. If we understand by it merely the 
^ect of the unaccustomed and novel, we may say that it gives rise 
to unpleasantness. The unknown is disquieting and exating, and 
arouses unpleasantness in its primary stage (§ 27. 5). U, on the other 
hand, we mean by affective contrast that an unpleasantness is greater, 
the greater the previous pleasantness, and vu€ vena, the principle 
cannot claim univeisal validi^. A pleasurable excitation coming 
after a long period of suffering is not, as a rule, particularly pleasurable 
in feeling. Contrast effects are not fimnd, that is, at any rate m the 
second stage of unpleaseintness, that of diminished exdtabihty. Nor is 
the proposition vanalio deUciat universally vahd Everything depends 
upon the character of the variable. So that the particular cases in 
which feehng is referred to the efiect of ‘contrast’ must be carefully 
keji^ separate, and the special conditions of exdtabihty exaimned. 

6. (2) (a) It is usual to deny the dependency of the fechngs iqxm 
the will. It is quite true that no feeling is directly produced by the 
intention of the subject And it is also true that a present feeling 
cannot be changed at will,— destroyed, or transformed into its opposite 
But an mdirect influence of will upon feehng, and the education of 
the affective consaousness which this unphes, are not only possible 
but must be admitted as well authenticated facts. Reproduction, 
attention, and movement (in part: cf. § 77. 1) are dependent upon 
will; and as these are all factors in the determination of feeling, will 
must plainly be counted among its conditions. Nowhere, we may 
think, is the task of self-education more severe or its results more 
wonderful than in the sphere of feeling. Especially important is the 
contrd of expressive movements. The course of feeling seems to be 
least disturbed and the conditions of its development most favourable 
when these movements are given full play; and their siqipression, by 
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voluntary inhibition, may perhaps be looked upon as a means 
of weakening and destroying feeling. 

(6) The existence of special individual dupostttons towards the oiigm- 
ation and direction of feeling has long been recognised. They find 
expression m such words as ‘temperament,’ or in the phrases ‘emo- 
tionally minded,’ ‘rationally minded,' ‘capndous,’ ‘reliable,’ etc. Not 
all of these terms, it is true, have exclusive reference to the develop- 
ment or state of feeling in an mdividual, but, whatever else they may 
mean, all alike tend in this direction. It is customary to distinguish 
four temperaments, the sanguine, choleric, melancholy, and phlegmatic. 
The concepts are not properly co-ordinate; and only one of them 
(that of melancholy) contains any direct imphcation of a disposition 
toward a particular affective quahty (unpleasantness). The others 
(with the possible exception of sanguineness) are indicative not of an 
inclination to defimte feelings, but only of the normal rapidity and 
constancy of consaous processes. They are, ia., formal defiiutions. 
which we may very well refer with Wundt to the contrast of strong 
and weak on the one hand, and quick and slow on the other. But 
these formal definitions are as rahd for the feehngs as for other 
contents. In the sanguine mind, pleasantness and unpleasantness 
arise quickly and easily, and as qiiii^y and easily disappear. In the 
phlegmatic, there seems to be a predi^osition to the state of indiffer- 
ence. In die choleric, we find a comparatively slight susceptibility 
to change, and a high degree of constancy in the retention of certain 
feelings and incentives to feeling We have already discussed the 
terms ‘emotionally minded’ and ‘rationally mmded’ (§ 39. 4). They 
may, however, be mterpreted in another way, the former to denote a 
disposition fovourable to the ongmation of feelings, and the latter a 
predisposition to the contrary. Again, we say that a character is 
‘capricious,’ when we see that similar impressions give rise to very 
different feelings at different times, *.«, when the mood is very vari- 
able, and changes without allegeable external cause Capnaousness 
of character and sangumeness of temperament are thus very closely 
related, — unless, mdeed, we define sangumeness (as is sometimes done) 
with special reference to pleasure. It can hardly be doubted that 
there are also specific affective dispositions. We speak of ‘cheerful’ 
and ‘gloomy’ natures, and have a pathological exaggeration of the two 
in mania and melancholia. And we contrast ‘dulness’ with ‘hveli- 
ness,’ ‘evenness’ of temper with ‘exdtabihty,’ meaning to oppose a 
customary affective indifference to an unusual susceptibJity for feelings 
We may conjecture with some d^ee of confidence that all these 
distinctions have reference to central exatabihty. 
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7. (3) Lastly, we have to discuss the apparent d^tndmcy offetlingt 
on on* auothtr. The facts are as follows. An impression that would 
ezate pleasure, if we were indifferent, leaves us cold if we are out of 
humour; or an impression that would excite unpleasantness, if we were 
indifferent has no effect upon us if we are cheerful and in good 
humour. This holds also when a single impression has its agreeable 
and disagreeable aspects. We may, of course, alternate between the 
two^ directing our attention first upon one and then upon the other; 
bat if we regard only the total unpression, the two feelings cancel 
each other in proportion to their intensihes. We may accordingly 
say that pleasantness and unpleasantness are antagonistic, or that they 
can be added together algebraically. These facts appear to contradict 
the effects of contrast (mentioned above, 5); since contrast points to 
an intensification of pleasantness by precedent unpleasantness, and 
vie* vena. But a somewhat cl(»er consideration of the two cases 
shows an important difference between them: contrast efitects are 
successive, the others simultaneous. A pleasantness is increased by 
contrast, it would seem, only after the cessation of the precedent 
unpleasantness, and not during hs continuance. We can explain the 
influence of contrast by supposing that the neutral pomt is shifted 
(cf. Fig. 8, § 37. 7), and find at least a temporary support for this 
assumption in &e analogy of the alteration of the physiological zero 
point, under similar conditions, in the sphere of temperature sensa- 
tion (§ 1 1. 2). We suppose, that a continuance (not too long) of 
pleasant or unpleasant stimulation shifts the neutral point in the 
direction of pleasantness or unpleasantness, and that; consequently, 
a feeling of the opposite quality, if it occurs, appears more intensive 
than it otherwise would appear. The algebraical addition of feelings, 
on the other hand, takes place only if we are exposed to the simul- 
taneous influence of a number of exdtationB, in themselves of various 
affective value. It becomes intelligible when we recall the physiolog- 
ical equivalents of the two affective qualities, and assume that moease 
and decrease of exatabihty carmot exist peaceably side by side, but 
somewhere and somehow seek to compensate each other. This 
hypothesis is quite plausible, as it stands; but it admits of different 
interpretations, and, moreover, contradicts an often repeated observa- 
tioiL Many observers have recorded the occurrence of mixed feeling, 
feelings in which pleasantness and unpleasantness arise and exist in 
consciousness side by side. It is hardly possible in the present state 
of our knowledge to decide positively for or against the reality of these 
mixed feelings. The position taken up in regard to them is ordinarily 
determined by theorebcal ideas of the nature of the feelings. If we 
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iwiaginp. that the physiological conditions of feeling are localised where 
sensations have their probable central substrate, the possibOity of 
mixed feelings cannot be doubted. But if we imagine that they are 
unitarily localised, or not localised at all, mixed feelings must be 
regard^ as improbable. In our own view, mixed feelings are cer- 
tainly less well authenticated than cancellation of feeling. This we 
explam by the hypothesis that when a stimulus to pleasantness and 
a stimulus to unpleasantness meet, neither can produce its normal 
effect; so that the resultant total feelmg does not originate in definite 
partial teelings, but is the sole and simple afiective result of the con- 
ditions of exdtabihty. 

§ 40. The Question of an Elementary Quality of WilL 

I. Very different meanings attach to the word ‘will’ in different 
psychological treatises. Some writers use it to denote what is meant 
by ‘will’ in the language of everyday life, while others beheve that 
It designates special consdous processes, distinct fi:om sensation and 
feeling. In the former sense, will is a general attitude of the subject, 
co-ordinate with automatic or impulsive and reflex reaction; in the 
latter, it is regarded as a specific concrete consaous content, capable 
under certain circumstances of combining with ideas and affective 
processes. And theory is naturally as widely divergent as interpreta- 
tion. In the one case, it consists in a tabulation of the conditions 
of a state of consdousness, upon which not only particular mental 
processes but the movements of tiie subject are dependent In the 
other, it sedcs to furnish the definition and explanation of a new 
element in mental life in general. There is no necessary contra- 
diction between the two.— We must defer the examination of the first 
and more important question as to the nature of the will until we come 
to our third Part (cf. § 77); but we may here approach the special 
problem of an elementary will quahty. 

The psychologists who assert the validity of this third element of 
mind have generally been led to do so by their analysis of certam 
complex states or processes. The most obvious material for an analysis 
of the kind is furnished by the experiences which we call in ordinary 
life voluntary actions, resolutions, etc. [*] No one doubts that sensa- 
tions are concerned in a voluntary action, or that its course is com- 
monly attended by feelings. The point at issue is, whether we can 
discover, besides these Csmiliar processes, a specific act, an elementary 
will. It may be looked for in the decision for one particular action 
[>] WiUtiukundbingin, WOUmitiitiMattt. 
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in foce of all the many possibilities; or in an internal initiative, sig- 
nificant of the active interference of the subject in the mechanical 
course of events; or in an effort, such as is present also m impulse, 
in unsatisfied and unexpressed desire, in longing and aspiration. 

2. It must be fully understood that however the issue is decided, 
whether, f.«., we accept or reject this elementary will quality, nothing 
rs thereby gained for the explanation and analysis of voluntary action 
itself. The psychophysical question, in particular, — the question 
whether the physiological substrate of the voluntary action is anything 
other than the sensory excitations underlying the automatic succession 
of ideas, and a motor innervation directly determined by them— is 
not touched at all The two inquiries, as was hinted just now, must 
be kept entirely separate; not only because their subject matter is 
different, but because the elementary quality, if it existed, could not 
possibly be the distingui.shing characteristic of voluntary action. There 
is obviously no invariable coimection between them: for voluntary 
action assuredly does not necessarily imply a ‘feeling’ of internal initia- 
tive, the ‘sensation ’ of an effort of decision, or the intensity of desire or 
aspiration. We may, therefore, for the tune being, abstract altogether 
fitom the significance for voluntary action of a possible simple con- 
scious content, over and above sensation and feeling. This granted, 
we believe that all the empirical observations of internal initiative, 
as given in impulse, longing, etc., are exphcable in terms of one defin- 
ite phenomenon, which we may, perhaps, most adequately and objec- 
tively describe as effort. We understand by it an urgency from within 
outward, a mental strain, an activity of the self. If stress is laid on 
the analogy of this state, in its subjective aspect, with the feelings, 
it is termed the ‘feeling of effort’; if its analogy with sensations is to 
be emphasised, the ‘sensation of iimervation ’ A special relabon to the 
feelings seems indicated by the fact that effort is opposed to reluct- 
ance [*] m the same way as pleasantness to unpleasantness. On the 
other hand, the quality of effort bears a very close resemblance to those 
of the organic sensations, and especially the tendinous and articular 
sensations. The question arises, then, what the psychology of the 
process really is. 

3. There are two erperiences in which effort plays a particularly 
distinct part. The first is that of resistance to an opposition, of 
struggle under a physical or mental burden, and the second is the 
wish for a change m a given stat^ which may be conceived of as 
indifferent In both cases, effort appears to be a complex of more or 
less vivid organic sensations, composed of tendinous (strain) and arti- 

[>] Sireien, fFidtrttreitM. 
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cular sensations, peripherally and centrally excited. Evidence for this 
analysis is fimushed by two sets of facts, the relative intensity of 
effort runs parallel to the relative intensity of the organic sensations; 
and wherever we find effort, we find motor innervations, actual or 
ideal. Moreover, effort can be voluntarily aroused by the thought of a 
pleasant change of locahty. The pleasantness in this instance simply 
acts as an effective stimulus to the origination of ideas of movement, 
and the sensations occasioned by the imagined movement of the 
limbs. The elementary will quahty, therefore, would seem to reduce 
to definite sensation quahties. This conclusion helps us to understand 
the distinctness of effort in so many voluntary acbons, where it is not 
essential: the organic sensations involved are for the most part those 
attendmg ideal or real movement. In desire and longing, where it 
is also distinct, the conditions are again fovourable for the origination 
of these sensations. The analogy with the feelings is not difficult of 
explanabon. The difference between effort and reluctance is not refer- 
able to a specific difference of sensations, but to the opposition of 
affective quality on the one hand, and to that of the direction of 
movement, made or intended, on the other. The id^ of movement 
towards the object of effort is connected with a feeling of pleasant- 
ness; while reluctance is characterised by intended or actual movement 
fixim the repellent obj'ect, and an unpleasant feeling which attaches 
to it— The phrase ‘sensation of mnervation’ may be understood to 
mean that the process of central motor innervation itself is accompanied 
by sensations; which is not the case. It is, therefore, best to avoid 
the expression altogether. 

§ 4X. Theory of Feeling. 

I. All the difficulties which we have encountered in our discussion 
of the laws of feeling recur when we attempt to elaborate a theory 
of pleasantness and unpleasantness This is plamly not mcluded m 
the theory ot sensation, since the feelings, as we have shown (§ 34 7), 
must be regarded as specific and mdependent consaous processes. 
It will, however, resemble the theory of sensation in its psychophysi- 
cal formulation: the phenomena of the dependency of feeling upon 
stimulus, of expressive movements, etc., refer ns directly to physiologi- 
cal processes. Any theory, therefore, which, like that of Herbart, 
derives the feelmgs fiom the interrelation of sensations may be rejected 
at the outset We can distingu^ three different forms of the psy- 
chophysical theory of feeling: a teleological, a peripheral phjrsiological 
and a central physiological. The first attempts to explain the feelings 
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by reference to the vanous effects of stimuli upon the organism. The 
second ascribes the origmation of feelmg to certain processes in the 
peripheral nerve or sense organ. And the third finds the conditions 
of pleasantness and unpleasantness in certain central processes, which 
may be modified but are not wholly determined by peripheral influences. 

(i) The itUologfcal theory brings pleasantness and unpleasantness 
into coimection with the useful or harmful effect of stimulation upon 
the organism. It is based upon the evolutionary view that this dif- 
ference of effect arose through adaptation, selection, and heredity. 
In its more general form it emphasises the effect upon the organism 
as a whole; in a more special formulation, the hurt or advantage of 
the directly stimulated organ. Now it is mdisputable that there is a 
wide reaching correspondence between the useful and hurtful on the 
one side, and pleasantness and unpleasantness on the other, so that 
there is some gioimd for regarding the quality of feeling as a criterion 
of the natnre of stimulus. But it is equally mdubitable that the 
parallelism is not coextensive with the fects. The teleological theory 
in its more general form is thus ob%ed to have recourse to quali- 
fication or subsidiary hypothesis to meet, eg., the unpleasantness of 
many wholesome foodstuff^ and the pleasantness of many that are 
deleterious. In its special form it can always say that the hurt or 
advantage does not extend beyond the directly stimulated organ; in 
the instance given, that of taste. 

2. The reasons which have led to this explanation of &e origin 
of feeling are intelligible enough, (a) It illustrates the all-pervading 
tendency of biology to regard the course of orgamc development as 
purposive, and every form of organic reaction upon or reception of 
external influences as preservative of race or individual; and (^) it is 
in complete accordance with the popular conception of feeling, which 
makes pleasantness a symptom of health and unpleasantness a sign of 
ill health, pleasure the final goal of all activity and mutation, and 
pain a preliminary or transition-stage necessary to its achievement, and 
consequently the almost invariable stimulus to action. But ffiere is 
obvious danger that the biological analogy or the adoption of the 
views of ordmary life will obscure the real task of a psychophysical 
theory; and the fact that many psychologists are content with a bare 
statement of the parallelism chows that it is not always escaped. It 
is no explanation ^ the winking reflex to say that it is of use for the 
protection of the e)re. We must demand of a theory that it enter 
more fully into details, showing what sensory nerves are stimulated, 
how and where the excitation is transferred to motor centres and 
thence to the muscles of the eyelid, — in a word, that it reveal the 
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mechanism of the whole process. Neither can the practical valne of 
pleasantness and unpleasantness serve as a starting point for a theory 
of the feelings. For all that it tells us is that the useful and harmful 
are really identical with the (sooner or later) pleasurable and unpleas- 
urable. An unpleasantly bitter medicine is termed useful, because its 
effects are satis&ctory; and a sweet poison harmful, because its ulti- 
mate consequences are exceedingly painful. If the teleological theory 
made no attempt to go behind these statements, it could never arrive 
at any real explanation or transcend the simple enumeration of the 
conditions of pleasantness and unpleasantness. For as the useful is 
the pleasurable, and the hurtful is the unpleasurable, the theory would 
be a mere restatement of its own problem. It follows, therefore, that 
until ‘useful’ and ‘harmful’ have been defined in other terms than 
those of their relation to feeling, we cannot speak of a teleological 
thtory in any strict sense of the word. 

3. The general form of the teleological theory makes no difficulty 
of this definition. Eveiything which destroys or deranges the organ- 
ism is harmful; everythmg which secures or furthers its life and 
growth is useful. But such propositions are evidently £st too inde- 
finite to meet the requirements of a psychophysical theory, (i) In 
all probabihty, feelmgs, hke sensations, are correlated with excitatory 
processes in the cerebral cortex. It would, therefore, always be in 
place to raise the further question of the relation between organic 
furtherance or derangement and the central nervous processes which 
presumably underhe pleasantness and unpleasantness, (ii) Agam, it is 
at least exceedmgly difficult to define the usefulness or harmfulness 
of the excitatory factors in the case of centrally exated feding (aes- 
thetic, moral, etc.), independently of their affective result (ui) And 
the whole theory is too crude to be adequate to all the finer grada- 
tions of feeling. That pam is deleterious to the organism is obvious 
on the surface ; but the result of a less intensively unpleasant stimulus 
IS far more easily determinable in its affective aspect than in its 
detrimental. And the same thing holds of pleasantness in general (iv) 
Lastly, there are certain facts whidi the general teleological explan- 
ation cannot cover. There are very senous organic derangements 
(phthisis, e.g.) which are hardly unpleasurable at all; and the degree 
of pleasantness and unpleasantness does not stand in any sort of 
uniform relation to the extent of organic furtherance or de r a n g em en t 
The pain of a diseased tooth is one of the worst that we can ex- 
perience, and is certainly out of all proportion to its detnmental effect 
upon the organism. 

Certain of these objections hold also as against the special form of 
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the teleological theoiy. This can always, of course, be brought into 
formal agreement with the focts; h is always possible to assume that 
pleasantness goes with sustentabon of foe stimulated organ, and un- 
pleasantness with its impairment — since there is at present no objective 
criterion to which these processes can be referred independently of 
the feelings. But we are no more justified here than we were before 
in speaking of a theory, until ‘use’ and ‘harm’ have been objectively 
defined, in principle at least, as specific phenomena. And if this 
definition involves their translation into physiological terms, it, foe 
distinction of processes within the stimulated nerve or its central 
terminations, which are conceived of as advantageous or detrimental 
to these organs, foe special form of the teleological theory passes at 
once into a peripheral physiological or central physiological hypothesis 
It is, therefore, best to avoid the use of the misleading expressions 
‘useful’ and ‘harmful’ altogether. 

4. (2) The common element in the peripheral physiological and 
central physiological theories is their assumption of a special ‘affective’ 
nervous process, or at least of a definite modification of sensory ex- 
citations, as the equivalent or excitatory condition of pleasantness and 
unpleasantness. Iliey differ only in their localisation of this process, 
foe former placing it in foe peripheral nerve, while the latter refers 
it to the central organ. The ptnpheral pkytiologtcal theory regards 
the state of nutrition of the stimulated nerves as the sole condition 
of the origination of pleasantness and unpleasantness. Every stimulus, 
besides setting up a specific excitation in a sensory nerve (foe con- 
saous conelate of which is sensation), must, evidently, make a more or 
less extensive draught upon its store of energy; and the force required 
for the restoration of the original conductive capacity will vary in 
proportion to foe intensity or duration of stimulation. These processes 
'of the distribution or consumption of stored energy and its subsequent 
restitution are regarded by foe theory as the physiological eqmvalents 
of the feelings. The more intensive the stimulus, the greater is foe 
demand made on the latent nervous energy, and the more difficult 
and uncertain the return to the original state. The weaker the 
stimulus, foe more adequate is foe reserve of energy to cover foe 
loss due to exatation. The stimulus is accordingly feh as [Peasant 
(or a pleasurably toned sensation arises) under favourable conditions 
of supply and expenditure, te., (to phrase the matter in Hering’s 
terminology: cf. §§ ii, 21) as long as foe dissimilation which it has 
caused is not in excess of the subsequent or simultaneous assimilation 
On the other hand, the stimulus is unpleasant (or there arises an un- 
pleasurably tcmed sensation), if the dissunilabon is so great that a 
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complete restitution is impossible at the moment The neutral stage 
of feeling wfll then be correlated with the equilibrium of assimilation 
and dissimilation. 

5. The first objection (a) to be urged against the peripheral phy- 
siological theory of feeling is that it is at best not a theory of feehng 
in general, but only of the sensible feelings. It is difficult to see how 
the division of a line at the golden section, should make less 
demand on the energy of the peripheral optic nerve than any other 
division. And the homogeneity of the afiective quahty makes this 
objection a strong one. (A) But the theory can te justly criticized 
even as an explanation of the sensible feelings. If the excess of de- 
mand over supply in the sensory nerve can be carried to greater and 
greater lengths, and unpleasantness increase in proportion, it is only logical 
to suppose that the excess of supply over demand will in turn mani- 
fest itself in a corresponding intensity of pleasantness. Tbe facts are 
otherwise. We must, therefore, choose between a conclusion which 
satisfies the hypothesis but violates the facts, — that the weakest stimuli 
are the most pleasant; and a conclusion which, though adequate to 
the fiurfs, is apparently irreconcilable with the hypothesis,— that assim- 
ilation increases within certain liimts with dissimilation, so that the 
excess of supply over demand grows constantly larger, up to a certain 
intensity of stimulus, (e) Again, it is difficult to harmonise this theory 
with the well authenticated physiological £act of the inexhaustibility of 
the nerve. The presupposition of an excessive consumption of energy 
is hardly borne out by the observation that the capacity of a nerve 
is not noticeably diminished by continued and intensive stimulation. 
(<f) And lastly, the theory makes no attempt at all to accoimt for the various 
indications of a defimte state of the central nervous substance which we 
found in the course of our discussion of the method of expression and 
its results (§ 37), the influence of attention on the feelings (§ 39), etc. 

On the other hand, the objection that the processes of nutrition 
within a nerve have no possible claim to rank as the specific nervous 
substrate of feeling cannot be recognised as valid. If the process of 
‘excitation’, the real nature of which is altogether unknown, is ac- 
cepted as the equivalent of sensation, there seems no reason why the 
consumption and restoration of nervous energy which it involves should 
not be the equivalent of feeling. No one except Hering (in his 
theory of die antagonistic nervous processes underljring visual and 
temperature sensations) has suggested that the restoration of the loss 
of energy consequent iqion excitation is in any way reflected in sen- 
sation. It would appear, then, that the prxx:ess may quite well be 
regarded as an eiqnession or condition of feeling. 
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6. (3) The peripheral physiological theory is obliged to take some 
acconnt of the central conditions of feeling. But it regards them as 
the simple consequences of the peripherally initiated process. The 
€tntrai phytiological theory, on the other hand, asserts that the exci- 
tations set up at the periphery produce their due intensive or temporal 
efiect upon feeling only imder certain circumstances, i.«., that they 
are merely stimuli, whose affective result is entirely dependent upon 
the state of the nervous substance. The real conditions of the ongm- 
ation of pleasantness and unpleasantness are foimd in the central 
organ. It will be remembered that we adopted a general view of 
this nature in our preliminary discussion of the results of the method 
of expression and their interpretation , we came to the conclusion that 
pleasantness and unpleasantness are correlated with differences in the 
excitability of the central substance (§ 37. 4). A central theory has 
one great and obvious advantage: it enables us to explain all the 
facts of the affective consciousness. It helps us to understand why 
there is no radical difference between peripherally excited and centrally 
excited feelings, as there is between the corresponding categones of 
sensation (§ 34. 2). And it certainly furnishes the simplest explana- 
tion of the facts obtained by the combined application of the serial 
and expressive methods (cf. § 37. 8), and of the homogeneity of feel- 
ing, the impossibihty of a simultaneous experience of more than 
one pleasant or unpleasant state (§ 39. 7). But the theory may take, 
and has actually taken, very different forms. In what follows we shall 
mention only two of these, the theories of Meynert and Wundt. 
Accondmg to Meynert, the physiological equivalent of feeling is to be 
looked for in the variation of the nutnbon of the cerebral cortex; 
on that Wundt, pleasantness and unpleasantness arise from the 
reaction of apperception (cf. § 32. 5) upon sensations, or (m physio- 
logical terms) from the reaction of a special apperceptive centre upon 
the sensory excitations set up in the various sensory areas. The two 
theories are essentially different; the former regaurdmg the affective 
processes as distributed throughout the cerebral cortex, and the 
latter giving them a determinate locahsabon in a particular bram 
centre. 

7. 0 ) Meynert supports his theory by a reference to the physiolog- 
ical processes which are observed to follow from intensive (painful) 
and weak (pleasant) stimuli In the former case, (a) the excitation is 
greatly retarded in its conduction through the gray substance Pain 
arises only, if the stimulation can reach the gray matter of the spinal 
cord, and this offers much more resistance to the propagation of an 
excitation than does the white matter (cf. § ro 7) (fl) Intensive 
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(painfal) stimuli are followed by a reflex constriction of the arteries. 
Intense bodily pain may in this way produce a swoon, and the 
tortures of the have sometimes put foe victim to sleep. (/) This 
arterial constriction impbes a reduction of metabolism in foe nervous 
elements, and must, therefore, produce a change in their chemical 
relations, a dyspnoeic phase of their nutrition, which in its turn may 
give rise to defimte movements, tg, deep inspiration or even convul- 
sions. The phenomena of weak and pleasant excitation are foe exact 
contianes of these. They are (a) an unimpeded nervous conduction, 
ij*., a quick and certain propagation of excitation to particular nervous 
centres; (^) a dilatabon of foe artenes, i,*., a functional hypenemia; 
(r) and, lastly, an increased metabolism in foe nervous elements, tA., 
an apnoeic phase of their nutrition. The feelmgs are thus an expres- 
sion of the state of nutrition of foe cerebral cortex. The cortex 
itself on Meynert’s view has two active functions: foe innervation of 
trains of thought and foe movements associated with them, and the 
innervation of the muscles subserving arterial constriction. Inactivity 
of thought means increased innervation of these muscles, ia., is correl- 
ated with functional anaemia; while activity of ideation and energy 
of foe movements which it conditions bring with them a dilatation of 
the arteries, tA., a functional hypersemia In the former case we have 
unpleasantness, in foe latter pleasantness 
8. (u) Meynert’s theory sets out from purely physiological phenomena, 
foe movements of seizure and avoidance which follow foe action of 
pleasant and unpleasant stimuh. Wundt, on foe other hand, is 
primarily concerned to explain the observed frets of foe afiective 
consaousness. The ordinary view of feeling as a more subjective 
process than sensation (cf. § 34. i) he regards as indicative of foe 
central character of its physiological substrate. Again, the contrary 
direction of foe will in efibrt and reluctance points to its relationship 
to feeling, m whose quahbes foe same opposition recurs (§ 40. 3). 
Hence it would appear that feeling is most correctly defined as foe 
mod* of rtacHon of apperception upon eentations Pleasantness and 
unpleasantness, that is, appear only when sensations are apperceived, 
tA., foe attention directed upon them. This view is further supported 
1^ foe fret that increase of feeling appears to follow a smular law 
to that of foe intensity of sensation (Weber’s law), i.«., that feeling 
increases proportionally to foe logarithm of foe afiective stimulus 
(cf. § 26). For Wundt, as we have seen, regards this law as a law 
of apperception. — The assumption that feeling arises in foe appercep- 
tion of sensations carries with it a localisation of its physiological 
■ubstrate. Wundt places foe activity of apperception in a special 
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cerebral organ (certain areas of the frontal lobes); and 4re mnst, 
therefore, suppose that feelings originate in the interaction of this 
organ and the sensory centres. Wnndt does not say how this inter- 
action is to be brought into connection with the two qualities of 
feeling. He calls attention to the fiurt that the various physical 
phenomena which accompany feeling are raadily explicable upon 
his theory. 

9. It must be admitted that Meynerfs theory of feeling has many 
advantages, despite the extremely hypothetical nature of certain of 
Its arguments. It enables ns to determine the physiological equivalents 
of pleasantness and unpleasantness with some degree of accuracy, 
and brings the affective qualities into a simple relation with the results 
of the method of expression and other frurts which we have mentioned 
above. The general increase of excitability in pleasurable states, and 
its general deaease in unpleasurable, in particular, may very well be 
referable to functional hypersemia and anremia. And the primary 
stage of unpleasantness (an increased capacity of function, at least 
upon the motor side, which shows itself in deep inspiration and even 
in convulsions) can be easily explained from the point of view of 
the theory, if we take into account the familiar frurt that a stage 
of overstimulation, of abnormal excitability, precedes the stage of 
exhaustion, of decreased excitability (§ 37. 3). But there are two 
fects which seem hardly reconcilable with it In the first place, 
pleasantness and unpleasantness appear immediately, as the effects 
of stimuli, simultaneously with the sensations which the stimuli evoke 
It is not easy to believe that their condition is a functional hypersemia 
or anaemia produced by stimulation. The alteration of volume, 
pulse, and respiration which the method of expression shows to result 
fiFom pleasant or unpleasant stimuli is produced comparatively slowly, 
whereas pleasantness and unpleasantness (apart from the primary 
stage of unpleasantness) arise frir more quickly. We shall, therefore, 
rather incline to regard these changes as the consequences of feeling 
or of its psychoph}rsical conditions. The second fact is the homoge- 
neity of feeling. Functional ansemia or hypermmia need not by 
any means necessarily extend ovn the whole cortex or to all tiie 
sensory centres, but may be strictly localised. Nevertheless, pleasant- 
ness and unpleasantness appear unable to subsist side by side; and 
we have no simultaneous experience of different pleasantnesses and 
unpleasantnesses (cf. 6, above). Neither of these observations presenti 
any difficulty to the alternative theory. The homogeneity of feeling 
agrees excellently with the homogeneity of apperception; and the 
feeling which accompames a sensation in consciousness may be 
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conceived of as originating at once with its apperception. All that 
this theory leaves to be desired is a more exact deteimination of the 
substrate of the specific afiective quahties. 
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PART n. THE CONNECTIONS OF CONSQOUS 
ELEMENTS. 


§ 4a. Definition and Classification of Connections. 

1. Onr concrete experiences are alvaj^ made up of connections of 
the conscious elements. Simple qualities, isolated sensations and feel- 
ings, are products of scientific analysis (§ 3. 5), and their sq>arate mves- 
tigation is possible only by the aid of special methods and under 
&vouiable general conditions. Even so, the actual experience is 
practically always complex in character. 

We cannot, however, pass at once to the consideration of these 
actual experiences. Our discussion of conscious connections must also 
travel, for some time at least, along abstract lines. Psychology (i) 
has to show that (and how) the connections arise from the elements, 
and to distinguish between the total impression and its elementary 
constituents; and (ii) has to inquire whether the connecbons are all 
of a single kind, or show characteristic differences, and in the latter 
case to give the reasons for the divergence We have, ijt., a further 
series of problems for analytical treatment, whose solution is neces- 
sary for the understanding of the concrete mind. 

2. The elements of consciousness are of two kinds, sensations and 
feelings. We may, therefore, have coimections of sensations with 
sensations, of feelings with feelings, and of sensations with feelings. 
It is evident a priori that these three types of connection cannot 
be of equal importance in consciousness. The qualitative differences 
of sensation are very numerous (§ 34. i), those of feeling very few 
(§ 35 " 3); and the forms and laws of the interconnection of sensa- 
tions will accordingly be various and complex, while those of the 
other two categories of connection are correspondingly simple. This 
is in itself sufficient evidence that we should be ill advised to discuss 
the snlqect matter of the second Part of our psychology under three 
co-ordinate rubrics. But there is another and a more important 
reason fisr the rejection of a classification by contents The doctrine 

*jf 
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of consdoos compounds is mainly occupied with an exact investiga- 
tion of the foimation and attnbntes of connections. Our task will be 
very g;reatly simplified, therefore, if we can discover in these certain 
general peculiarities (irrespectively of the quality of the connected 
elements) which may serve as the basis of their broad distinction mto 
defimte groups. The best classification of connections, t.e., is a clas- 
sification in terms of certain distinguishing characteristics of the con- 
nections themselves, — provided always that no violence is done by 
it to the alternative classification in terms of the qnahty of the con- 
nected elements. We have already stated (§ 3) that connections, 
regarded fixtm this point of view, &11 into two great classes, and have 
termed them funon and eoUtgatton. It is characteristic of the fusion 
that the elements contained in it are more difficult of analysis, of the 
colligation that they are easier of analysis, in connection. Or, to put 
it in different tenns: other things equal (apart, t.e., from the general 
conditions of sensible discmnmation, and its special laws within the 
given sense department), the character of the connection of compared 
quahties is of determining influence upon the magmtude and delicacy 
of sensible discnmination. In both aspects, it is relatively diminished 
by fusion and increased by colligation. 

3. A close examination of the conditions under which the two kinds 
of connecuon appear in consciousness leads to two unportant results. 
We find (e) that the quality of sensations 01 feelings is messential 
for fusion and colligation alike; m., that the terms really indicate 
general peculiarities of conscious connection, and are not mere clas- 
sificatory names, applicable only to definite elements. And (i) we 
discover a simple rule for the cognition of the particular form of con- 
nection in a given case. The rule is couched in terms of the three 
(or four) attributes of sensations and feelings. It is plam that we have 
no right to speak of a connection unless we can, directly or mdirectly, 
analyse it into its elements. If, eg., two sensations are temporally 
and spatially mdistmguishable and qualitatively identical, we actually 
have but one sensation, though two stimuli may be acting upon con- 
saousness. Nor can we speak in stnctness of a connection of two 
sensations where the two stimuh differ merely in intensity; since stimuh 
which are identical in all other respects will oidinanly give rise to a 
smgle sensation. Connection, that is, presupposes a noticeable difference 
in the quality, extension, or duration of its elements. Our rule now 
mns as follows - if the connected elements are temporally and spatially 
identical, but differ in qualify, their connection must be termed 
fusion; if they differ in duration or extension, colligation. Fusion, 
$A., may be briefly defined as a qualitative, and colligation as a 
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temporal or spatial connection. The rule has a further formal value, 
as transcending the relativity of our general defimtion of fusion and 
colligation. This relativity has no practical significance, however: fiar, 
given equality of conditions, the different &dhty of analysis of the 
two connections is constant and well marked The general definition 
is really relative only m the sense that it restricts the discrimination of 
fusion and colligation to cases m which then elements are the same. 
It tells us that we may compare tonal fusion with tonal colligation, the 
fusion of colour tone and brightness with their colligation, etc., but that 
we have no means for the comparison of the fusion of certain elements 
from one sense with the colligation of certain elements from another 
4. This liimtation is another proof of the dependency of consaous 
processes upon sensible conditions (§ 3 3). The differences in the 
sense organs and their adequate stimuli prevent any quantitative com- 
parison of the sensabons of different sense departments. Hence it 
was impossible to determine the course of the intensive sensible dis- 
crimination as between sense and sense (§ 25). It follows that we 
must here treat of fusion and colligation with special reference to the 
forms which they assume in different sense departments; we must 
examine separately the fusion of auditory sensations, the fusion of 
visual sensations, etc. Many of these departments have been but 
very imperfectly explored, and we shall often be obliged to content 
ourselves with the demonstration of a few typical cases of the pheno- 
mena, while reviewing the rest in more summary fashion. Agam, it 
will be necessary, when we come to deal with colligation, to set forth 
iH txttnto the psychological doctrme of time and space, smce we 
postponed the consideration of the temporal and spatial attnbutes of 
the conscious elements (§ 4. 10) in order to brmg them mto relation 
with more complicated phenomena of the same order We shall also, 
of course, have to discuss the coimection of sensabons of different 
senses and of different classes of elements (sensabons and feelings). 
Connecbons of the former kind were named by Herbart tomplicaiioiu-, 
the sense unpressions which enter into them we term dtsparaU. As 
feehngs are ordinarily attached to sensabons, the coimection of sen- 
sations and feelings will take the shape of fusion. Special forms of 
this connection are denoted by the abstract terms emotion, impulse, 
mood, and passion. A comparison of these fusions with corresponding 
colligations is, directly at least, impossible. We must, therefore, be 
satisfied either to prove that they have all the characteristics of fusion 
in general, or to ascribe them without proof to this class of coimec- 
tions, in order to bring them into agreement with our schema. In 
the Sections on colligation, besides the problems of time and space 
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mentioned just now, we have to discuss the qualitative relations of the 
elements given in temporal or spatial connection, and especially the 
phenomena of visual contrast and of what is popularly called ‘action.’ 
The doctrine of compounds, like that of elements, must begin with 
peripherally ezated sensations. Our remarks upon centrally excited 
sensations may in any case be made very brief, since their connections 
have been, for the most part, already considered in the special 
Sections devoted to them in our first Part 

5. It only remains, after this hasty survey of the contents of our 
second Part, to explain how we distinguish a connection of conscious 
elements firom a concrete mental experience. A musical moHf or a 
melody has as much right to be called a connection of elements as 
a chord or a clang; and we can form an idea of a room, or a house, 
or a street, as well as of a chair or a table. In other words, we 
must attempt to define a ‘connection of conscious elements’ as regards 
number of components, spatial extent, and period of duration. If we 
do not draw a fixed line of demarcataon, the tenn connection will he 
very vague and ambiguous, and may even, under certam circumstances, 
be coextensive with consciousness itself. Now («) in the first place, our 
sensible oiganisation and our capacity of attention prevent the num* 
ber of elements suuultaneously present in consaousness from exceeding 
a certain finite hmit (ft) Tfre normal restriction of the field of 
vision sets a certain finite limit to the spatial extension of connected 
visual qualities. And (y) the normal interruption of consciousness by 
sleep (§ 78^ divides the temporal course of our experiences into sections 
of definite length. But it is plain that these are not the only limits 
set to conscious connections. We distingmsh speaal combinations, 
particular groups of elements, within the total consciousness of the 
moment, within the field of vision, and withm the waking day. The 
melody, and the chord, and the chair, are relatively small parts of 
the possible whole. There must, then, be some special reason for 
the further limitation of conscious connections. It appears to be this ; 
that certain combinations of elements are effective for reproduction, 
t.t., can serve as incentives to or as materials of reproduction (cf. § 30). 
On this view, all the various forms of particular connections can be 
readily explained. As we have already seen (§ 30. 4), the associative 
coherence of elements is greatly strengthened by the reproductory value 
of their total impression. Provision is, therefore, made for the dis- 
crimination of these separate connections in consaousness. 

6. Our investigation of the processes of fusion and colligation is not 
greatly affected by these considerations. We shall have to inquire, 
in the particular case, into their possible dependency upon the number, 
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duration or extension of the connected elements. But the difference 
between them persists independently of any such influence. The 
question of the origination of separate connections, therefore, does not 
further concern us, since we have already discussed the relations of 
centrally exated sensations to each other and to penpherally excited 
sensations (§§ 27, 29—31). For the same reason, we shall not use the 
current term idta to denote a connection of sensations, as it merely 
indicates reproductory value and contains no reference to the actual 
process of connection. A qualitative fusion and a temporal or spatial 
colligation of elements may equally well be termed ideas, provided 
that they can reproduce or be reproduced as wholes. It is evident 
that this qualification does not necessarily attach to either of the con- 
nective processes The factors upon which the degree of liabihty of 
reproduction and the effectiveness of materials of reproduction are 
dependent, do not include the character of the attributive interconnection 
of elements in consciousness. The word ‘idea’, therefore, contributes 
nothing to the defimbon of the actual connection of elements, but 
merely expresses a consequence of connectaon which is unportant for 
the course of thought. — Wundt has distinguished between apptrctpHv* 
and assoctaltv* connecbons (cf. § 29. i), according as the acbve apper- 
cepbon is or is not mvolved m the ongmation of the parbcular 
processes. But we may defer their considerabon, on sunilar grounds, 
imbl we come to our Secbon upon the will (§ 77). 

Section 1. Fusion. 

Chapter I. The Fusion of Auditory Sensations. 

§ 43 The General Phenomena of Tonal Fusion. 

I. There are several reasons for the choice of tonal fusion as the 
piinapal illustrabon of sensation fusion in general (i) In the first 
place, it comprises a great vanety of special processes, all of which 
have been mvesbgated with some d^ee of thoroughness. (2) Again, 
successive, as well as simultaneous connecbons of the separate elements 
are of fatnilutr occurrence within the sphere of tonal sensations. (3) 
And lastly, there is a close relabon between tonal fusion and the tonal 
coimections whose sesthebc effect is displayed in music. We are 
thus in the fortunate posibon of having the results of centuries of 
artistic practice to compare with the outcome of psychological experi- 
mentation. Since the introduction of polyphony into music, a more 
or less sharp line of distinction has been drawn between consonant 
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and dissonant compound clangs (chords), between harmonious and 
inhaimonious tonal connections. It is reasonable to suppose that this 
distinction is based upon a defimte psychological effect ; and success- 
ful attempts have been made, more especially since the work of 
Helmholtx, to discover the psychophysical foundations of musical forms. 
As a rule, however, the affective value (pleasant or unpleasant) of the 
compound clangs, and the phenomena of the sensible connection 
Itself have not been differentiated with sufficient clearness. We shall 
see that consonance is not identical with agreeableness, or dissonance 
with disagreeableness (§ 48. 2; cf. also § 37. 8). 

2 The physical result of the meeting of two simple periodic sound 
waves, imder favourable conditions, is their combmation to a third, 
resultant wave, whose period of vibration is equal to that of the longer 
of the two component waves, and whose amphtude is represented by 
the algebraic sum of then amphtudes. If this resultant wave strike 
the ear, it is not, however, transmitted to the auditory nerve as a total 
movement of defimte form, duration, and mtensity, but is agam separ- 
ated into its pnmaiy constituents by the analysing apparatus which 
we have found to exist m the cochlea (§ 16. 4), and so comes to 
consoousness as a complex of mdividual sensations ’ When a com- 
pound clang IS sounded, we always hear, as a matter of fact, a numbfer 
of mdividual clangs, and with practice even a simple clang (a con- 
nection of fundamental and overtones) can be analysed up to the 
first few overtones. But the instance of the simple clang shows ns 
that the subjective analysis of a complex sound wave is not always 
possible, and, indeed, we must say in general that the connection of 
sunultaneously sounding tones is highly prejudicial to their separate 
discruninabihty and cognisabihty. 

3. It has been argued fiom this fact (which is characteristic of fusion 
in general: § 42. 2) that a sunultaneous connection of tones is really 
sensed, not as a multiplicity, but as a unity. The action of a complex 
sound wave upon the ear would then give rise to a sensation quality 
as simple as that excited by a simple periodic vibration The oldet 
view of the clang colour (§ 14. 4) of different musical instruments 
led, it is true, to the mterpretation of the influence of vibration form 
upon consciousness as due to a special quahtative colouring It 
would, therefore, be necessary to attribute to auditory sensations a 
second senes of qualities beside the familiar differences of pitch, and 
to include within this new schema of qualitative variation not only the 
simple clang, but all the compound clangs as well. And we should 

^ We abitTact for the moment fitom certam lecondaij eSecti (beati or combmatioa 
tonei) which are ordinarily produced I7 the combination ot liniple loaiid waTua, 
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farther be compelled by the theory to assert that a purporting ana* 
lysis of tonal coimections merely presents the appearance of a per- 
ception of several sensations without its reahty, and is based upon 
familiar associations which presuppose a knowledge of the character 
of particular clangs or compound clangs. 

4. But this view, which we may briefly term the doctrine of unity, 
stands in direct contradiction to a whole number of facts. Musicians 
are unanimous in declaring the analysis of tonal sensations to be 
original and not simply mediated by association. We can resolve 
into its separate constituents a compound clang which we hear for 
the first time as easily as we can resolve a familiar chord. And 
overtones, if heard at all, are heard m absolute purity, i^., not at 
all as th^ are really given by instruments of ‘equal temperament.’ 
All these reasons tell decisively in favour of the occurrence of a direct 
analysis of tonal coimections, at least in certam cases. Besides which, 
the doctrine of unity as such is untenable, while it is no difficulty to 
the theory of direct analysis that tonal connections sometimes give 
the impression of unitariness or simphcity. The combination of a 
number of simultaneously present quahbes mto an unanalysed total 
impression is a possible phenomenon in every sense department 
Simplicity would accordingly be a limitin g case, referable to an ez- 
ceptional intimacy of connection or a high degree of fusion. We 
are thus brought to realise that there are difierent d*gru* of fusion. 
The lowest d^ee of fusion is that which presents the least difficulty 
of analysis, and the highest degree that which ofiers the greatest 
resistance to a discrimination of its primary constituents. 

5 The d^ree of tonal fusion is obviously dependent on very 
dififerent conditions, (a) In the first place, it is subject to certam 
general conditions of introspection; attention, expectation, practice, 
fatigue, etc. (fi) But it is also conditioned in special ways by the 
character (quality, intensity, number, etc.) of the coimected tones. 
All these influences manifest themselves in increase or decrease of 
tile degree of fusion. We must, therefore, endeavour to trace their 
eSect in detail, illustrating it as ffir as possible by reference to ex- 
periment But before we enter upon this task, we may briefly con- 
sider the peculiarity of what must be called the fusion whole, the 
total impression as contradistinguished firom the separate and separ- 
ately cognisable tones. If the doctrine of unity were in the right 
tiiis total impression would of necessity be essentially different bom 
the elements contained in it The ffict is otherwise: the fusion whole 
appears always either in the quality of its predominant constituent 
(as, is the case with clangs, where the fundamental is usually 
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taken to be the quality of the whole impression), or as a simultaneity 
of several tones (as in the compound dang, where the separate simple 
clangs exert an equal influence upon consciousness). It follows, there- 
fore, that we need not undertake a special investigation into the 
quality of tonal fusion. It will be suffident, when we are discussing 
the various degrees of fusion, to indicate the importance of quality 
for the total impression. It follows also and more particularly that 
fusion cannot be regarded as the analogue of chemical combination, 
the properties of which are, of course, essentially diflerent from the 
properties of its elementary components. Intensity forms the only 
exception to this rule. 

6. We do not make any general distinction between intensive and 
quahtative fusion, because the coimection of two or more sensations, 
which differ in intensity but are in all other respects identical, gives 
nse to what is really a single sensation, incapable of resolution into 
its components by any refinement of analysis (cf. § 42. 3). But a 
high degree of fusion of quahtativcly different sensations carries with 
it a resultant mtensity, which may be considered as the intensity of 
the fusion whole. It is conjecturable a priori that this resultant inten- 
sily will stand in a definite relation to the intensities of the primary 
impressions. We may expect, in accordance with Weber’s law, that 
the total intensity will be noticeably greater than the mtensity of a 
given component, only when the intensity of all the rest taken together 
is at least equal to the upper difierence hmen of that component 
As a matter of fact it has been found in experiments upon the mten- 
sive suppression of a sound sensation by another simultaneous sound, 
that the stimulus intensities must stand m the ratio t : 3 if the weaker 
IS to be just audible beside the stronger. If we translate this result 
into terms of sensible discrimination as determined by the aid of suc- 
cessive stimuli, it tells us that two sound intensities must be just 
noticeably diflerent when they are in the proportion of 3 to 4, or 

when — = .J. But this is the exact value of the relative difierence 
hmen obtained m previous experiments on the sensible discrimination 
for sound intensities (cf. § 25. 4). This relation to sensible discnmin- 
ahon enables us to state at once the general law governing the 
total intensity of a tonal fusion, wherever the conditions of a total 
intensity are realised. The lower the d^ee of fusion, the more 
difficult does it become to say anything positively of its total 
intensity. 

7. It might be imagmed that the phenomena of tonal fusion itself 
can be simply explained as instances of the intensive suppression of 
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component by component; that as a total intensity is not equal to 
the sum of the intensities of the separate elements (Weber’s law), 
the intensity of each of the connected tones must suffer, and analysis 
be consequently rendered more difficult. The hypothesis would be 
inadequate, if only for the reason that it leaves altogether out of 
account the influence of sensation quality upon tonal fusion, which is 
demonstrabty very considerable. But it is wrong in prmaple. Diffi* 
culty of qualitative analjrsis is not by any means identical with 
diminution of the intensity of the sensations. .In certain circumstances, 
a complex of weak sensations may very well be easier of analysts 
than a coimection of intensive elements. The distinctness of a con- 
scious content is not the same thing as its intensity. Unfortunately, 
we have no systematic investigation into the analysis of sensations 
under unfavourable intensive conditions. But the difference between 
the clearness or distmctness and the mtensity of an impression has 
been clearly brought out of late in experiments upon the attention. 
We shall And frequent occasion, in our review of the various degrees 
of fusion, to make use of this &ctor of distmctness, and it will 
be seen that intensity is only one, and not the sole condition of 
fusion. 

8. We have at present no reliable methods for the measurement 
of the degrees of tonal fusion. Stumpf, who was the first to turn the 
concept of tonal fusion to general account in psychological acoustics, 
bases his mfeiences (<i) partly upon his own observation of the total 
impression of different musical intervals, (&) partly upon the results of 
experiments made with unmusical subjects. But subj'ective analysis, 
here as elsewhere, furnishes too uncertam a standard for quantitative 
discrimination; and experiments upon the apparent number of tones 
contained in a tonal connection are limited to unmusical persons, 
if the intervals are simple, and furnish at best a merely external 
criterion of the degree of fusion. Recourse should be had, therefore, 
to other methods of inquiry, (r) An attempt has been made to 
utilise the reaction method in this regard (cf. §§ 6g ff). Two series 
of experiments were taken, with the maj'or and minor chorxls as sti- 
muh; the reaction movement following the cognibon of the special 
character of the chord The reacbon-time with the mmor was con- 
stantly though but shghtly shorter than that with the major. It 
remains to be seen whether this method is capable of wider applica- 
tion for the determination of degree of fii^on. The genei^ rule 
would obviously be, that the chord which is the more quickly cognised 
is the worse fusion. (J) Another method of investigation which suggests 
itself is that of the redaction of the duration of the compared mter- 
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vals to the point at which analysis is impossible. If this limiting 
duration i»’oved to be different for different interval^ it might be 
made a measure of the degree of fusbn, on the assumption that the 
longer the time required for analysis, the higher most be the degree 
of fusion of the particular interval. But experiments of the kind 
made with tuning-fork tones upon musically educated subjects have 
not given any satisfactory result. Plainly, then, there is great need 
in t^ department of psychology of the elaboration of dehcate and 
trustworthy methods. Especially would it be desirable (e) to employ 
the qualitative sensible discrimination for the testing of degree of 
fusion. — The facts and laws given in the following Sections are, for 
these reasons, derived rather from occasional observations and the 
rules which obtain in music than from any exact expenmenta. 

§ 44. The Dependency of Tonal Fuaion tqion the 
Quality of the Ctomponents. 

1. We have only to compare two intervals like the octave and 
the m^or seventh to see that the quality of the tones contained in 
a tonal connection is not indifferent for the unitariness of the impres- 
sion. The analysis of the octave, where the vibration rates of the 
two tones stand in the ratio i : 2, is extraordinarily difficult, — not 
always possible even for musically educated persons; while the presence 
of two tones in the seventh, where the vibmtion rates are in the rauo 
of 8 ; 15, is usually cognised even by unmusical subjects. Treatises 
upon harmony distinguish between consonant and dissonant intervals, 
and divide the consonances into perfect and imperfect. Perfectly 
consonant intervals are the octave, the fifth, and the fourth; in which 
the ratios of vibration rates are i : 2, 2 ; 3, and 3 * 4. Imperfectly 
consonant are the major and minor thirds and the major and minor 
sixths, whose vibration rates stand in the relation 4 5, 5 • 6, 3 : 5, 
and 5 : 8 respectively. All other intervals are dissonant; more 
particularly tiie major and minor seconds and the major and minor 
sevenths, whose ratios are 8 • 9, 15 : 16, 8 : 15, and 4 : 7. The 
different intervals have different affective values; dissonances are 
certainly less pleasant than consonances. But if we refer their dis- 
cnmination not to relative pleasingness or unpleasingness, but to the 
degree of unitariness of the total impressions, we may conjecture that 
the musical order is in essential an arrangement by degree of tonal 
fusion. 

2. Stnmpfs observations are in complete agreement with this 
hypothesis. He distinguishes five different degrees of fusion within 
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tiie limits of the octave. The highest («) u that of the octave itself; 
then follow ^ the fifth, (7) the fourth, and {») the pure thirds and 
sixths; worst of ail (•) are the minor seventh and the remaining 
intervals. It is eq)edall7 important to note that these degrees of 
fusion recur independently of the absolute pitch of the components. 
We may, accordingly, lay it down as a general rule that tk* dtgru 
of fiaion of two torut it tonttant, if the ratio of their vibration ratet 
is tonttant. The rule can be easily verified by a comparison of the 
same intervals in different regions of the tonal scale. It must not, 
of course, be confused with the law of sensible discrimination for tone 
pitch. In the one case we have a constancy of the absolute sensible 
discrimination within certain limits (cf § 15. 2); m the other an 
independosce of the d^ree of tonal fusion as r^rds absolute differences 
of vibration rate, which rather suggests an analogy with Weber’s law 
^ 26). But diese facts of tonal fusion are only indirectly related 
to sensible discrimination, even as determined by the aid of succes- 
dve tonal stimuli; and Weber’s law is not applicable to them, if only 
for the reason that the different intervals present such varying difficulty 
of analysis. There is, however, one point of analogy, in the existence 
of upper and lower deviations from the fusion law. Owing to the 
decrease of the absolute sensible discrimination, the equality of d^ee 
of tonal fu^n in die same interval does not extend to the extreme 
regions of the scale in either direction. The same reason accounts 
for the restriction of ordinary musical usage to a range of some 
seven octaves, embracing the vibration rates between (approximately) 
32 and 4,00a 

3. The degree of a fusion b not noticeably changed by slight 
deviation of the component vibration rates from their strict proportion. 
But it seems that the magnitude of the noticeable change is less, the 
highor the original degree of fusion, ie., that a slight misadjustment 
is more quiddy and easily cognised in the octave than in the fifth, 
and in the fourth than in the sixth. This law of the inverse ratio 
of the noticeable deviation to the degree of fusion is confirmed by 
the results of experiments upon sensitivi^ for the purity of intervals. 
These were made with tuning forks, and the two tones of each interval 
given in succession. In the order from greatest to least sensitivity, 
die series for one observer, e.g., was as follows: octave, fifth, fourth, 
major sixth, major third, minor third, second, minor sixth, minor 
seventh, major seventh. The only important difference between this 
list and the series of fusion degrees is the comparatively high position 
occupied by the second, which may, perhaps, be explained frrom the 
frequency of this particular interval in musical usage. Further investiga- 
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tion may, possibly, show we have here a key to the quantitative 
definitioa of the degrees of fnaon (cf. § 43. 8). It should be noticed 
that the M of a fusion degree from a higher to the lowest level, in 
consequence of gradual alteration of vibration rate, appears to take 
place at once, i,*., does not involve a transition through all tiie inter* 
mediate stages. 

4. There remain the intervals b^ond the limits of the octave. 
Stumpf asserts that the degree of fusion outside the octave remains 
the same, if the vibration rates of the primary tones stand in the ratio 

where v is the vibration rate of the lower tone, that of 
the higher, x a simple whole number, and With * = 0, 

the interval becomes an octave. — If this law holds, the double octave 
(i : 4) has the same degree of fiidon as the octave, the twelfth (i : 3) 
the same as the fifth, die tenth (2 : 5) the same as the major third, 
etc. But, in the author’s observation, these results do not accord with 
the facts. While the relative degree of fusion remains the same for 
intervals beyond the octave that it is for corresponding connections 
within the octave, all the intervals of the former kind stand upon a 
somewhat lower level of fusion than their less remote correlates. In 
other words, the double octave possesses a higher degree of fusion 
than the twelfth, the twelfth than the tenth, etc., but the double octave 
in its tom fuses less well than the octave, the twelfth than the fifth, 
etc. No more poutive statement can be made at present of the 
relation between the fusion degrees of intervals beyond the octave 
and those of coimections within the octave. 

The difference between the various discriminable degrees of fusion 
seems to increase with increase of the fusion itself. The difference 
between the fusion of the octave and that of the fifth is considerably 
greater dian the fusion difierence of the fifth and the fourth. 

As the different degrees of fusion do not appear to stand in any 
uniform relation to the rdative differences of vibration rate, it is im- 
possible to explain the phenomena of this Section by reference to the 
physical composition of the sound waves, differences of tonal pitch, 
or other extraneous facts. Hence we have no choice but to conclude 
that the dependency of tonal fusion upon the quality of the com- 
ponents is a problem for purely psychological or pychc^hysical 
solution. 
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I 45. The Dependency of Tonal Fnalon upon the 
Intensity of the Components. 

1. Two questions fall to be considered under this heading: that 
of the influence of the absolute, and that of the influence of the re- 
lative intensity of components upon tonal fusion As a general rule, 
alteration of the abtoluU intensity of the primary tones does not 
appear to affect the degree of fusion, provided that their relative 
intensity remains constant If two tuning-forks, whose tones constitute 
a d«i»finit<» musical interval, are sounded at approximately equal inten- 
sities, and allowed to ‘die away’, there is no noticeable alteration in 
the fusion. The same result is obtained if the resonance boxes upon 
which the two forks stand are closed, or ahemately opened and closed 
by a sliding shutter, care being taken that the closure is equally 
effective in both cases: the absolute dimmution and reinforcement of 
the intensity of the tones are indifferent for the total fusion effect The 
law is, then, that tonal fusion is mdependent of the absolute intensity 
of the components. There are, however, upper and lower deviations 
bom it (cf. § 44. 2); if the two components are very intensive 01 
extremely weak, the clang makes an impression of greater unitariness, 
and analysis is rendered more than usually difBcult. 

2 On the other hand, tonal fusion is to a very considerable extent 
dependent upon the relative intensity of the components. This is 
easily proved by experiments with tunmg-forks ; if one resonance box 
is closed, while the other remains open, the clang becomes distinctly 
more unitary, t.e , the degree of fusion is increased. And the character 
of the total impression alters at the same time. If the mtensiUes stand 
in the ratio i: 1, i.e., if the components are of equal absolute inten- 
sity,* the two tones contained m the interval are of equal import- 
ance in perception; but if the components are of unequal absolute 
intensity, the total impression inclines to the side of the more inten- 
sive tone, so that the weaker is more or less effectually reduced to 
die condition of a mere attribute of the stronger. It gives a certain 
colouring, if the eiqiression be allowable, to the predominant tone of 
the complex, and the unitariness of the resultant fusion is inversely 
proportional to the distinctness of its specific quality within the tonal 
connection.— The most &vourabIe conditions of analysis are, therefore, 
given with equal absolute intensity of the components. We cannot at 
present, however, obtain any exact formulation of the law of change 

r It auMt be lemembned in tbu connecfaon thnt equal mteniiliat of tonal itimnli 
aie not naceenifly conrelatad wiUt equal intenaitiea of aenaation- cf § 14 $. 
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of fusion degree with variation of die rdative inten8it7 of thecompo* 
nent tones. Two questions in particular must be left for the future 
to deade. We cannot say whether Weber’s law exerts an influence 
upon the course of fusion change, or how it is aflTected by the quah* 
tative difierences already mentioned (§ 44) 

3. (i) The best illustration of an alteration of tonal fusion with 
variation of the relative intensity of tiie components is furnished by tlang 
colour (§ 14. 4) The fundamental in a simple clang is ordinarily more 
intensive than the overtones, while these agam differ mtensively among 
themselves. Every musical instrument possesses a specific clang colour, 
and it has been demonstrated that the peculianty is due to differ- 
ences in the number and intensity of the overtones contained in the 
clang. It can be easily shown that the fundamental is not the exclu- 
sive determinant of the character of the total impression. A clang 
which IS rich in overtones, especially if it belongs to the lower region 
of the scale, seems higher than a simple tuning fork tone whose pitch 
IS the fundamental of the clang And it sometimes happens that the 
first overtone of a clang is subjectively more intensive than the fun- 
damental, we have seen that higher tones in general are sensed as 
more uitensive than lower tones of the same vibration amphtude 
(§ 24. s). Moreover, the overtones of a clang are not all equally easy 
of analysis. Certain of the higher overtones are often particularly dis- 
tinct. thus in the clang of a reed-pipe, whose fundamental is the r 
of 128 vibrations, the fourth overtone (the /' of 640 vibrations) is more 
easily cognised than the third (the c" of 512 vibrations) It is evident 
that we have in this fact a reference to the qualitative degree of 
fusion Hence it may be laid down as a general rule that the odd 
numbered overtones, other things equal, are easier of analysis than 
the even numbered immediately before them (cf. § 46. 4). 

4. The unitarmess of the clang has been variously explained, (i) 
Helmholtz, in the first three editions of his Lthrt von den Tonemp- 
findungen, attempted to accoimt for it by customary association. We 
are accustomed, he said, to look upon a sum of sensations as the 
sign of a single object, and tiie abihty to resolve this sign mto its 
elements comes only with special practice and a gradual acquisition 
ot knowledge The clang of the viohn is characteristic of the violin, 
the clang of the piano characteristic of the piano, and the unitariness 
of the object suggests a unitary apprehension of its clangs. This 
view is certainly mconect. For (a) it has never been observed that 
the reference of a clang to an object ceases at the moment when some 
one of Its overtones becomes audible, (i) Again, the musician, who 
IS familiar with instruments, is better able, as a geneial rule, to analyse 
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their clangs than the unmusical person, whose ignorance may entirely 
prevent him from referring a given clang to a particular instrument 
Again, it does not follow that because one overtone is audible, 
all the rest are at once perceived, although the connection of the 
clang is broken by the first step in its analysis and its reference to 
an object thereby made impossible. (</) And lastly, the principle is 
in any case inadequate to the nnitariness of total impression in a 
compound clang, m which, nevertheless, precisely the same phenomena 
recur, with a simple difference of quantity, (u) Helmholtz subsequently 
gave up this view for another, in which the problem of the clang is 
inverted. Instead of seeking reasons for the unitariness of the impres- 
sion, he now attempts to explain the possibility of its analysis. The 
explanation hinges upon the alleged empirical fact, that if overtones 
are to be analysed out of a clang, they must previously have been 
perceived separately. But it follows from what we have already said 
of the puri^ of overtones when heard (§ 43. 4) that this rule is not 
without exceptions; and in any case it would apply only to a portion 
of the phenomena under consideration (§ 47. 8). 

5. (iii) Another view makes the clang the psychical resultant of 
simultaneous nervous stimuli, one or other of which may be brought 
to perception by a special direction of the attention. We need not 
here enter into the question whether this mteipretation of the facts 
is adequate as a theory of tonal fusion itself. It is preferable, in 
any event, to consider the clang simply as a particular form or degree 
of the general phenomenon of fusion, (iv) And lastly, an attempt 
has quite recently been made to explain clang colour by the ascrip- 
tion of an analogous characteristic, tone colour, to simple tones. The 
difference between a dull and a clear clang can only be explained, 
it is urged, by the attribution of a certain clearness or dulness to the 
separate tones. Tone colour varies with tone pitch, and the resultant 
of die colours of the mdividual tones is clang colour. Such a view 
obviously gives up all the advantages of the concept of fusion. 
The character of the total impression is necessarily difierent from 
that of the separate components; and a umtariness of certain 
clangs is imphcit in the very idea of fusion, smee fusion, according 
to circumstances, has all degrees, up to a complete impossibility of 
analysis. But the fact that a sensation cannot be qualitatively analysed 
out of a complex of impressions can never be interpreted to mean 
that it is not present; each of the components must be imagined to 
contribute a certain share to the total impression. All the separately 
imperceptible overtones of a clang contribute something, as their 
intensi^ and quality allow, to the perception of the whole; and 
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the Stun of these contributions constitutes what we call dang 
colour. 

6. We are thus led by our discussion of the clang to the consider- 

ation of an important feet of general psychology, that of the co-opera- 
tion of urmoticed components in the total effect of a connection of 
consdous processes. We mighty perhaps, use the word unconscieia 
denote these components, and so find a place for the term, which we 
have hitherto avoided, in our desenpbon of psychical phenomena 
Nothing could be objected to this usage if the observations which we 
are here describing had furnished the sole reason for the onginatiou 
and application of the concept. As ordinarily employed, however, it 
includes processes, whose very existence is not attested by introspec- 
tion, but which are merely the results or the postulates of certain 
philosophical reflections Some authors, *.g , have urged the necessity 
of a ‘pure’ psychology, — and ‘pure’ psychological exposition and dis- 
cussion require the aid of unconsaous mtermediaries; others have 
interpreted the principle of p^chophysical parallelism to mean that 
an unbroken chain of psychical processes must be correlated with the 
uninterrupted continuum of physical. The ‘unconscious’ which is 
reached in this way is not only unknown to introspeebon as a specific 
process, but does not either betray its existence by any sort of modi- 
fication of the material of perception. For ourselves, who believe that 
an empirical psychology must and can hold aloof from the acceptance 
of any such metempincal concept, an ‘unconscious’ is possible only 
in the sense of a constituent of a connection of elements, which 
contributes something to the total impression, but is not separately 
perceptible. The ‘unconsdous’, in this meaning of the word, is 
characteristic of the activity of two processes, fusion and attention 
(§ 7^ 3). ^ >ti the clang the various overtones which accom- 

pany the fundamental combine to form a total impression (clang 
colour), the cognition of whose individual consbtuents presents more 
or less of difficulty, so in the consciousness of a given moment all 
those various processes upon which the attention is not directed con- 
stitute an unanalysed whole, the background, as it were, of the favoured 
process placed at the fixation point of attention. 

7. Clang colour is not the only normal instance of a dependency 
of tonal fusion upon the relative intensity of the components The 
same phenomenon can be observed (2) in compound clangs, m 
which the simple clangs that carry the melody are made especially 
mtensive. When an air is sung to a continuous harmonic accompani- 
ment, the voice stands out most dearly in virtue of its relative 
intensification, while the tones accompanying it combine to form a 
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total impression which is comparatively little analysed. We may. 
dierefore, lay it down as a general rule that a fusion is more complete, 
the greater the relative difference of the component intensities. 
(3) Another instance is furnished by what are called combination tones, 
which are of two kinds: dtfftrtnct tones and summation tones. The 
vibration rate of the former is given by the difference between the 
vibration rates of the primary tones, that of the latter by their sum. 
Thus, if two tones are given whose vibration rates are 256 and 384, 
we shall have a difference tone of 128 and a summation tone of 640. 
Both, and the summation tones m particular, are relatively weak. 
Hence they were not discovered until very late, — the difference tones in 
the eighteenth and the summation tones m the nineteenth century. 
Nothmgis known with certaintyof theirobjectiveorigmation Helmholtz, 
it is true, has shown by calculation that both kinds of combination tones 
are produced by the interference of two different tone waves. But we 
do not know in what relation these secondary waves stand to the 
anditory apparatus; and the fact that difference tones can be fairly 
distinctly heard where the primary tones are relatively weak is an 
indication that the condition of their production is not to be looked 
for simply and solely in the formation of resultant vibrations,— which 
are set up only when the primary sound waves are intensive. It has, 
therefore, been recently suggested that the difference tones are in 
reality heat tones, ijs., tones arisii^ from the recurrence of beats at 
a certain rapidity. Beats (§ 14. 3) are intensive fluctuations, which 
are perceived with especial clearness when the difference between the 
vibration rates of the primary tones is but slight. Their number 
tallies exactly with this difference of vibration rate, since the maxima 
and minima of intensity, the waxing and waning of the tone, are 
dependent for their frequency upon the periods of the two sound 
waves. If the difference is increased, the rate of succession of the 
intensive fluctuations will also be increased, and we may ultimately 
have a third tone whose pitch is defined by the number of beats 
in the second 

8. If the vibration rates of the two beating tones are but slightly 
different, we ordinarily hear a single tone which sounds alternately 
stronger and weaker. With a more considerable difference of vibration 
rates, we sense the separate tones, their beats, and also a new, third 
tone. This tone cannot be termed either a beat tone or a difference 
tone, as its vibration rate lies midway between the rates of the primaiy 
waves. It appears to suffer most of all from the fluctuations in intensity. 
We may conjecture (and the conjecture is in accordance with auditory 
theory) that the tone arises from a co-exdtation of the parts of the 
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auditoiy apparatus Ijnng midway between the sensory fibres which 
subserve the perception of the primary tones. 

In all probabihty, difference tones are differently originated fi-om 
beat tones There are various reasons for this view, (a) Difference 
tones are relatively distinct in consonant intervals which give no 
perceptible beats, ( 4 ) Difference tones require for their production 
an equal absolute intensity of the primary tones, whereas a difference 
of this absolute intensity is the most fevourable condition for the 
formation of beat tones. It has been similarly conjectured that 
summation tones are simply high overtones, and not new formations. 
But the most recent observations seem to show that they are clearly 
audible under circumstances which hardly admit of the origination of 
noticeable overtones. Thus, if the primary tones stand in the ratio 
I . ro, the tenth overtone of the lower clang will be hardly perceptible, 
and yet a tone correspondmg to its relative vibration rate, 11, is 
heard with comparative distmctness when the two are sounded together. 
There are also summation and difference tones of the second, third, 
etc., order, in addition to those of the first order which we have 
mentioned hitherto. A difference tone of the second order is produced 
when the difference tone of the first order forms a difference tone 
with one of the primaries. The combination tones of these higher 
orders are not always weaker than those of the first order. We 
cannot here enter into the further details of the subject 

f 46. The Dependency of Tonal Fusion upon the 
Number of the Components. 


I. In the previous Section we confined ourselves as far as pos- 
sible to cases of the fusion of two components, although the mstances 
of a fundamental with its overtones, and of two prunaries with their 
combination tones, took us beyond the limit of composition of the 
simple musical interval So far, however, we have only been interested 
to determme the influence of mtensity in these connections. We must 
now enter upon a systematic investigation into the changes of fusion degree 
caused by the addition of a third tone, of approximately equal absolute 
mtensity, to the two tones constituting an interval. A tonal connection 
which consists of more than two simultaneously sounding tones is called 
a chord. It is of especial importance to discover whether the influence 
of the number of components is dependent upon the purity of the 
selected tones, in other words, whether it is modified in any way by 
clang colour. It seems to follow from the observations of Stumpf and 
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of the author, as well as from the facts of musical practice, that the 
clang colour of the fundamentals contained m a chord is ordinarily 
indifferent. The rule is at least so far true, that the relations obtain- 
ing between fusion and number of components in different compoimd 
clangs remain relatively the same; although the degree of fusion, 
absolutely regarded, is usually higher in clangs than in simple tones. 
This &ct simplifies our investigation very considerably. The problem 
reduces itself to that of the relative modification of the various d^ees 
of tonal fusion by the number of components. In particular cases, 
where certain overtones are very intensive, the degree of fusion will 
be dqiendent, of course, upon the quahty of these overtones, as well 
as iqion the number of the fundamentals; but such cases are excep- 
tionaL 

2. If we strike on the piano the notes in the middle region of 
the tonal scale, we have fiisions of octave and fourth for the upper c', 
of octave and fifth for the lower c, and of fifth and fourth for the^. 
Each of the tones seems more distmct m this connection than in the 
simple mtervals e-<f or c-g. On the other hand, g and c' are heard 
more distinctly m the interval g-F than in the chord. It is the same 
with the connection f-g-i. Here we have fusions of second and sixth 
for /; the tone is less distinct than m the mterval f-g, and more 
distinct than m the interval For g we have fusions of second 
and fifth; the tone is clearer than in the fifth g-df, and less clear 
than in the second f-g. From these and similar facts we may draw 
the general conclusion that where more than one mterval is given 
a wuan dtgnt of fuaon is the result. The better fusion seems able 
partly to compensate the worse, and the worse partly to offset the 
better. This fact is of great importance for musical effect; the dis- 
sonant intervals are made far less harsh by combination, and can thus 
be employed with greater aesthetac advantage. For instance, the chord 
of the sixth, d-f-g-b (the ordinary inversion of the chord of the 
seventh^ shows but httle trace of the unpleasant roughness of the 
fusion of the second. 

3. The same law obtains beyond the limits of the octave that 
holds within it The combination of several tones or clangs gives nse 
to a mean degree of fusion, the resultant of the fusion degrees pre- 
dicable of the component intervals as such. If the number of com- 
ponents is at all largely mcreased, an extraneous &ctor intervenes to 
prevent analysis,— the narrow range of our attention, i.t., our inability 
to observe and judge a large number of simultaneous processes with any 
degree of uniformity. We therefore restrict our mquiry into the influence 
of the number of components upon fusion to the simplest case of a con- 
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nection of three tones or clangs. Here, too, we can natuiaDy hope to 
discover really valid laws only when we have made accurate quan- 
titative measurements of the degrees of fusion. In all probabihty the 
number of components will then be foimd to admit of very consider- 
able increase, since the capacity of analysis must be specially tested 
for all the separate constituents of the connection. A procedure which 
might be serviceable m this regard would consist in the determination 
of the intensity which a component must possess if it is to be heard 
out from its connection. At present, the apphcaUon of any such 
method is prevented by the difficulties m the way of a practicable 
objective measurement of tonal mtensity. 

4. The clang, again, furnishes one of the best illustrations of a 
fusion of several tones. We have already spoken of the influence of 
relative component intensi^ in the connection of fundamental and 
overtones (§ 45). But it is beyond all quesbon that the difficulty 
which certam of the latter present to analysis is not wholly attnbutable 
to their relative weakness, but is partly due to the high degrees of 
fusion which occur among the overtones themselves, or at least among 
the first few of them. Ilie ratios of the vibration rates of fundamental 
and successive overtones are expressed, of course, by the senes of 
sunple whole numbers, i: 2: 3: 4: 5. 6, etc. (cf. § 14). The firat 
half-dozen partial tones obviously stand upon a high level of fusion . we 
have the octave, fifth, fourth, major and minor thirds, twelfth, etc. 
This also explains the fact fliat certain overtones can be more dis- 
tmctly heard than others: they fuse less perfectly with the fundamental, 
the predominant tone in the clang (cf. § 45 3). Stumpf asserts that 
the degree of fusion of two dangs is the same with that of two tones, 
whu!>e pitch is that of the fundamentals of the clangs. But the view 
13 not borne out by facts. («) A simple comparison of an interval as 
given by the tuning forks with the same interval as composed oi the 
clangs of two reed pipes shows that clang fusion is greater than tonal 
fusion, (fi) Moreover, the fusion of two dangs of equal pitch of fun- 
damental but different dang colour is by no means identical with 
the fusion of two dangs of the same fundamental and like clang colour, 
or with that of simple and quahtatively sunilar tones. In the two 
latter cases, the fusion is simply intensive, and it is altogether impos- 
sible to analyse the total impression mto its components, or at least 
(in the instance of the clangs) to separate the two fundamentals; m 
the first case, the fundamentals can be easily held apart m perception. 
In a unison of instruments of different clang colour the individual 
clangs may qmte well be distinguished, despite the likeness of their 
fundamentals. And a clang octave, in the same way, seems to fuse 
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decidedly better than a tone octave > All these examples tell against 
Stumpf’s view 

5 The constituents of a compound clang are said to be ‘ related ' 
when the fundamental of one coincides with an overtone of the other, 
when both contam one or more identical overtones, or when both are re- 
ferable to a common fundamental In the first two cases we speak of a 
dtntt, in the latter of an indinct dang nlahonskip. The degree of 
direct clang relationship is proportional to the number and intensity 
of the coinadent overtones. As the intensity of the overtones de- 
creases with increase of the number denoting their place m the series, 
direct relationship will be noticeable only in clangs the vibration rates 
of whose fundamentals are expressible by small whole numbers. And 
as the number of coincident overtones decreases with increase of the 
distance of the first comddent pair from their fundamentals, the degree 
of direct clang relationship will be here detenmned by the nearness of 
the common overtones, again, by the smallness of the numbers 
expressing the vibration rates of the two fundamentals. Indirect 
clang relationship is proportional to the nearness of the common fun- 
damental to the fundamentals of the two related clangs. This defim- 
tion, again, makes the degree of relationship dependent upon the 
magnitude of the numbers giving the vibration rates of the funda- 
mentals ; a co mm on fundamental must obviously he nearer to clangs 
whose ratio is 2 : 3 than to clangs whose ratio is 5:6, etc. It is 
evident that the senes of degrees of clang relabonship, obtamable by 
these cntena, is very similar to die series of grades of tonal fusion 
referred to above (§ 44. 2). 

6. Indeed, the eariier theorists (Helmholtz * and Wundt in parti- 
cular) have used the principle of clang relationship to explain the 
musical value of consonance and dissonance, harmony and disharmony, 
with or without simultaneous reference to the unpleasantness of the 
beats in dissonant intervals (cf. § 46. 2, 3}. But there are several 
indications that it is not adequate to the phenomena, (i) The 
consonance or dissonance of simple tones, and of clangs of different clang 
colour, is precisely analogous to that of clangs of the same instrument 

' If faiiung fotki are uaed, I am always able to cugmie the two tones m the m- 
terral of Uie octare, while 1 am sometimes decased by clangs with numerons orer- 
tonea. This is perfectly natural, since the first overtone in a clang is the octave of the 
fimdamental, so that when the octave clang is given, this overtone is merely mtensified, 
and no new qualify introduced with the total impression. 

* It is irrelevant to Uie course of the present discussion that the two degrees of 
clang relationahip recognised by Helmholtz are only partially identical with those dls- 
tmgiiished by Wundt (who is followed m the text), and that Helmholtz employs them 
prmapally for the explanation of clang sequence. 
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This can hardly be explained by the rules of clang relationship. We 
should expect, according to them, that intervals composed of pure 
tones, and consequently contauung no common partial tones, would 
either not be consonant or dissonant at all, or would differ radically from 
rlsng intervals in their musical effect, and that clangs of different 
clang colour, whose overtones differ in number, quahty and intensity, 
would vary very considerably in their harmonic or dishannonic 
character. As was said above, this is not the case, (ii) The series 
of fusion grades is not m complete agreement with the series of degrees 
of clang relaUonship ; and if the mtervals about which they differ are 
judged by the standard of musical importance, the fusion series un- 
doubtedly has the advantage. Thus the clangs of the twelfth are 
more closely related than those of the double octave. In the former, 
the first and second partial tones of the higher clang coincide with the 
third and sixth of the lower; in the latter, the first and second of 
the higher with the fourth and eighth of the lower. On the other 
hand, the double octave possesses a higher d^ee of fusion than the 
twelfth. And there can be no question that it is regarded in music 
as the more consonant interval Or again: there is scarcely any 
difference in clang relationship between the clangs of the minor third 
and those of the minor seventh In the former, the sixth partial tone 
of the deeper clang coinades with the fifth of the higher ; in the 
latter, the seventh partial tone of the deeper with the fourth of the 
higher. But the minor third is a distinctly better fusion than the minor 
seventh. Here again, miltical harmonics are on the side of fusion 
(lii) I.astly, the degrees of clang relationship, and more particularly 
those of indirect relationship, seem to be intellectual constructions rathei 
than sensible relations. As there are no such things as undertones, 
the common fundamental, the nearness or remoteness of which deter- 
mines the degree of indirect clang relationship, can be given only as 
a difference tone or as a concomitant tone sensation associatively excited. 
These tones are invariably too weak, as the rommon partial tones also 
very frequently are, to furnish a satisfactory theorehc basis for the 
obvious differences of harmony and disharmony. 

7. An especial importance attaches to the two great chord systems 
at present employed in polyphonic music, the major and the mmor, 
or, as they were originally called, hard and soft (Germ, dur and 
moll). As at first applied, these names did not refer to a difference 
in the compound clangs, but were simply different terms in musical 
nomenclature, mdicating a difference of scale. The sequence f-g-a-^h 
{h durum) was designated hard; and the sequence f-g-a-^b (i molli) 
soft. It is evident that the two words were primanly used in quite 
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different meanings from those whidi thej bear in modem music; and 
it IS important to keep this fact in mmd when we are tempted to 
draw an inference from the original names to the character and 
musical effect of the chords. If we compare the pure sensible rela- 
tions of the major chord, c-«-g, with those of the minor chord, 
we find as a matter of fact, that the total impression is harsher, 
less ‘soft’, in the latter case than m the former. The minor chord is 
evident^ a worse fusion than the major (cf. the results of experiments 
iqion their reaction times, quoted above, § 43. 8). On the relation- 
ship theory, this difference of major and minor is referred to the 
differences of duect and indirect relationship. The first common 
overtone of e-*-g is the mnth overtone of g, i.*., lies three octaves and 
a third above the fundamental of the highest clang. The first common 
overtone of e-}^t-g is the third overtone of g, t.« , hes a double octave 
above it The distances of the common fimdamentals of the two 
chords fixim c stand in the reverse relation. As the d^ee of direct 
clang relationship is ordinarily more important than that of indirect, 
it would follow that the minor chord, whose clangs are more closely 
related directly, is the better harmony. This conclusion, again, is not 
borne out by the facts. At the same time, the laws of tonal fusion 
do not either furnish any valid explanation of the difference of major 
and mmor, except on the assumption (which is no more than an 
assumption) that the serial order of the degrees of tonal fusion, it., 
the pitch of their separate components, has a determining influence 
upon the total impression. For we have precisely the same grades of 
fusion in the connection c-}lt-g that we have in the major chord 
e-t-g. The only difference is, diat the minor third comes first m the 
minor, and the major third first in the major. The assumption 
would, therefore, be that the degree of fusion of a chord vanes with 
the position of its constituent degrees of fusion within the tonal 
scale; decreasing when the worse degrees are the lower, and mcreasing 
when they are the higher. 

§ 47. Other Conditions and Phenomena of Tonal Fusion. 

I. (i) {a) The analjrsis of a coimection of two tones is so far 
dependent upon the distance which separates them upon the tonal 
scale that their discriminability ceases at a certain lower limit of dif- 
ference of vibration rate. It is noteworthy that the difference limen 
is considerably larger tor simultaneous than for successive tones. In 
this regard, however, individual differences are especially marked. Un- 
musical persons have been found who were incapable of analysing 
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an interval composed ot two tones more than an octave apart It 
cannot, of couise, be said without qualification that the facihty of 
analysis of two tones is directly proportiona] to the difierence between 
them. Such a rule would not be reconcilable with the existence of 
quahtative degrees of fusion (§ 44. 2, 4). Heie as elsewhere, different 
fectois cross one another (cf. § 46. 4), and their special influence 
cannot alwa3rs be traced m the particular case. At the same time, 
the &ct that the quahtative sensible discrimination is dimmished when 
the stimuli are simultaneously given pomts unequivocally to the valid- 
ity of the general concept of fusion. 

2. Many persons hear the same tone differently with the two ears, 
although they remain ignorant of the fact as long as the difierence 
of quality does not exceed a certam limit The abnormality (dtpla- 
ciuu) may be restricted to a single ear, may be transitory or chronic, 
and may be confined to definite parts of the tonal scale or co-ex- 
tensive with it. Stumpf found that the difference between two timing 
forks held to the two ears might be mcreased to twelve vibrations, 
if beats were avoided (»., if the tones were kept at a comparatively 
low mtensity), before the difierence of pitch became noticeable. The 
purity of the impression was not markedly unpaired until the differ- 
ence had reached twen^ vibrations. The limen in the middle region 
of the tonal scale (where the experiments were made) would accord- 
ingly amount to some sixteen vibrations, i.t., would be about fifty 
tunes as great as the lunen for successive tones. The absolute sensible 
discnmuiation appears to decrease continuously under these conditions 
with increase of pitch, while the relative increases fitom the lower 
to the middle region and decreases from the middle region upward. 
It is very desirable that the observations should be systematically 
repeated ' A curious pomt which they have brought to hgbt is the 
fact that the discrimination of sunultaneously sounded tones which lie 
near one another on the scale is easier with clangs containing numer- 
ous overtones than with simple tones. This divergence from the rule 
(§ 46. 4) must probably be referred to the mediation of noticeable 
differences by the more intensive overtones of the clangs. 

3 {b) Under the head of spatial relations we may consider the 

dependency of the analysis of a tonal fusion upon the localisation of 
its separate components. We have, of course, no auditory space in 
the sense that we have a visual and tactual space (§ 4. 3); the spatial 
element in an auditoiy perception is simply an associatively aroused 
idea of the direction and distance, of the locality, of the source 

> OccukhulI experimenti of my own bare afforded a general co nfirm a tion of 
Stnmpf s reniUa. 
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of sound. This idea may be definitely visual or tactual; oi h ma> 
be the unanalysed substrate of an ‘immediate judgment’ (cf. § 62. 2). 
As difference of localisation does not cany with it an actual spatial 
separation of the tones, its influence may very well be investigated, 
without prejudice to the character of the fusion as such. The result 
of inquiry is to put it beyond all doubt that the analysis of a tonal 
fusion is greatly facilitated by a different localisation of its components. 
Thus, we can follow the separate clangs m orchestral music much 
more easily if we have our eyes fixed upon the instrument from which 
they proceed, while in the absence of any such artificial aid to analysis, 
e.g., if the eyes are closed, the harmomc impression of the whole is 
fiir more vivid and distinct. Stumpf had an unmusical subject, who 
almost invariably judged two piano tones to be one, however wide 
their separation on the scale and however dissonant their character; 
though with successive stimulation by tones taken from the middle region 
he could generally form a correct estimate of the difference of pitch. 
If two forks were held to his two ears, he could cognise the separate 
tones in all intervals greater than the major third. It seemed, there* 
fore, that sensible discrimination was assisted by divergent localisation. 
We carmot, however, say with any degree of certainly how far this 
whole phenomenon was due to direction of the attention, or, conse- 
quently, how far it IS attributable to divergent localisation. 

4. (r) Two points call for notice under the rubric of Umporal 
nlattons (i) In the first place, simultaneity of the components m 
consaousness is the conditio sine qua non of tusion in general (ii) The 
dependency of fusion upon the duration of the tones has not been 
thoroughly investigated. We know that the qualitative sensible dis- 
cnmination is essentially determined by the duration of the tonal 
stimulus (§ 15. 4). As a general rule, two vibrations are necessary if 
the impression is to be anythmg more than that of a mere noise, 
and about sixteen if the clearness of the tonal perception is to be 
maximal. These facts must certainly be of importance for fusion and 
analysis (d) The influence of partial tonal change, i.e., of continuous 
or discrete mtensive and qualitative variation of a tone or clang with- 
in a connection of tones or clangs, is similar to that of differences 
of localisation Everyone must have noticed how strongly the attention 
18 attracted in a concert by the voice which cames the melody. The 
singer’s voice, even if comparatively weak, can be heard without 
special effort above a full orchestral accompaniment, in passages where 
It alone has to rise and fall, to execute trills and runs. The fact that 
the same voice is obscured at once, if it is allowed to rest tqion a 
single note, shows that the phenomenon is not wholly explicable by the 
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mere alteration of the degree of fusion. Nor is it a simple consequence 
of the analysing function of the attention. It is hardly possible to 
single out die particular voice from a steadily contmuous compound 
clang with the utmost strain of the attenUon. But let the voice move, 
whOe the accompaniment remams stationary, and the attempt will be 
immediately successful. Partial tonal change, then, must be regarded 
as an independent factor in fusion analysis 

5. There is, therefore, a good psychological reason for the musical 
rule that the voice which carries the melody shall move differently 
from the clangs which form the accompaniment. Where, for some 
cause, the tempo of both is precisely similar, the melody is marked 
off from the concomitant harmomes by a relative intensification of its 
tones. — Another observation which belongs here is the following. The 
rtfluUd tones which we notice in passing by an echomg wall or walking 
through an avenue of trees, etc., are more distinct if the distance of the 
reflecting surface vanes, te., if the tones themselves are subject to 
slight alteration of intensity and quahty It is a probable conjecture 
that the Oreads and Dryads of mythology had their origin in the 
observation of these reflected tones. Difference tones also become 
more distinct when the primary tones are subject to slight fluctua- 
tion, and they themselves consequently undergo quahtative alter- 
ation. 

This influence of partial change makes itself felt in other sense 
departments, the relatively mobile constituents in a visual idea, 
are more easily noticed than the relatively stationary components 
We may, therefore, look upon it as a prmciple of general psychologi- 
cal importance. It is not improbable that the conditions of its oiigm- 
ation he far back in the course of organic evolution. 

6. (2) We pass now to a brief discussion of the general conditions 
of tonal fusion. (<r) Most important of these is the attention. The 
mfluence of attention upon the perception of a sensation complex 
IB ordinarily stated as if its function were exclusively analyticalj 
Now there can be no doubt that the direction of the attention upon 
the particular tones m a compound clang is the most favourable and 
the most frequent condition of then individual analysis. But attention 
will serve equally well (in the author’s observation) to intensify or 
focus the total impression of the fusion, to bring the given interval as 
such more vividly before consaousness. It is, therefore, as mcorrect 
to ascribe a purely analjrtical function to attention as it would be to 
look upon all analysis simply as its effect The question before us is 
accordingly the question of the actual nature of the influence of 
attention. We wiU look at a few typically different cases, and attempt 
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to abstract from them a general idea of the operation of this factor. 

7. (i) The first case to mention is that of the analysis of particular 
tones or clangs We make an effort, perhaps, to distinguish one of 
several equally intensive clangs If all are weak, we notice that the 
constituent to which the attention is turned is intensified. If all are 
moderately strong, it is again relatively intensified, though not abso- 
lutely: it seems rather that the other tones or clangs, upon which 
the attention is not directed, are weakened Where the constituents 
are of unequal intensity, it is possible by concentration of the atten- 
tion upon a weaker component to make it stand out against the 
stronger, — again by way of a marked intensification. In thrs manner, 
individual overtones can be analysed from the clang which contains 
them, and successively brought to consciousness The analysis is 
facilitated by the choice of a definite order in which the overtones 
shaU be taken, (li) The second case which we have to mention con- 
sists in the attentive perception of a tonal connection. If a note is 
struck upon the piano, it is possible (in the author’s experience) by a 
suitable direction of the attention to single out whole intervals and 
chords firom among the overtones of the clang. Here again, the tonal 
complex which is specially distinguished seems to be relatively inten- 
sified. On the other hand, it is exceedingly easy to bring out the 
total impression of a fusion by aid of the attention, if any special 
direction of it upon particular consbtuents is avoided The most 
strikiiig fact here is that the whole as such obtains an increased 
capacity of reproduction, ».« , that it becomes effective for reproduction 
as a unitary idea. The influence of attention is thus seen to be exer- 
cised in two directions . it may mther relatively intensify the particular 
constituent upon which it is directed, or increase the capacity of a 
constituent or of the total connection reproductively to determine the 
course of ideation. 

8. ( 4 ) The influence of practic* and fahgue must also be noticed 

Practice, like attention, may be operative in either direction — to fecili- 
tate the aiial3rsis of a fusion or to prepare the way for the apprehension 
of the total impre^on. We have already spoken of the great im- 
portance of experience, of familiarity with the mdividual tones, for the 
analysis of a dang or compound dang, and of the hypothesis suggested 
by it— that the constituents of a tonal connection, if they are to be 
distinguished at all, must previously have been perceived separately 
(§ 45- 4)' theory is no more adequate than another, which refers 

ease of analysis to a reproduction of similar sensations It is rather 
true, as a general rule, that practice assists the apprehension both of 
sensations and of their connections, the separate or conjoint perception 
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of simidtaneous impressions. The assistance consists, primarily, in an 
increased fadhty and accuracy in the assignment of the material of 
perception to its place within the circle of ideas, present or available 
(cf. § 5. 9). We must distinguish between general and special practice. 
General practice does not of itself qualify the hearer to understand 
and accept the novel and strange chords which modem composers not 
infirquently employ to the surprise even of the musical ear. Fatigu* 
is apt to retard the work of analjrsis It is &r more difficult to dis- 
tinguish the individual tones in a clang or to reduce a compound 
clang to its simpler constituents when the mind is fatigued than when 
it is fresh. The effect of fatigue, therefore, seems to be restricted to 
the increase of fusion degree, to the reinforcement of the unitariness 
of the total impression. 

9. (r) Exputatton and Habituation. — Exptctation, in the sense of 
a preparatory attention to particular components of a coming total 
impression, is a further aid to analysis. It very frequently takes the 
form of internal song, i.e., the soundless innervation of the larynx to 
the position reqmred for the production of a certain tonal quality. 
Some psychologists have supposed that the recollection of tones is 
altogether dependent upon the occurrence of this motor excitation. 
The hjrpothesis affords another instance of the exaggerated emphasis 
of a single important condition (ct 8, above). We find no difficulty 
in recollecting tones whose pitch far exceeds the limits of our own 
smging voice; and tones are far less accurately discriminated by help 
of the voice than they can be by memory. Equally untenable is the 
view which makes the fiincbon of the Unnr tympani or ttaptdtus of 
determining importance for expectation. It is quite true that strain 
sensations of more or less distinctness are aroused in the ear under 
the influence of expectation. But an accurate preparatory attention 
to tones of determinate quality is found to be compatible with absence 
of the tympanic membrane. Expectation also serves to bring the im- 
pression of the harmony as such into clearer relief. Here again, t.e., 
It manifests itself as a particular form of the attention; capable, like 
attention itself, of influencmg the perception of a tonal fusion in both 
directions. Habituation has a precisely sunilar effect. It lends an 
added distinctness to the total impression or to the individual consti- 
tuents of a coimectiuii, according as one or other has been the object 
of repeated judgment or perception. A particular consequence of 
habituation is the formation of a tendency to mediate judgments. If 
we know the composition of a compound clang, we say at once that 
it is a combination of simple clangs, without having actually analysed 
the sensible relations in the particular case. 
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10 . ( 3 ) It remains only to call attention to certain ptculiarHitt of 
At imprtmon produced by a tonal fusion which have not been lefetred 
to in the previous Sections. Stnmpf asserts that the pitch of a steadily 
continuous compound clang is the pitch of its lowest tone, even though 
this is not absolutely the most intensive constituent. Thus, if the 
deeper tone in the octave be suppressed, perception seems to spring 
across to the higher tone, whereas the sUencmg of the higher note 
makes no essential difference m sensation The phenomenon recurs, 
though less distinctly, in other intervals, m direct proportion to their 
fusion degree — As a matter of fact, the rule holds (m the author’s 
experience) only for stimulation by clangs containing numerous 
overtones. The suppression of the fundamental clang is naturally fax 
more prejudicial to the total sensation effect than the silencing of a 
higher clang, whose fundamental coincides with some more or less 
distinct overtone of the lower. It is, however, noteworthy in this 
regard that where high and low tones are sounded together, the high 
suffer more by a relative mtensification of the low than vict vtna. 

Again, the apparent difference of pitch between the components of 
a connection varies with the nature of the interval which it represents. 
As a general rule, the distance between two tones seems to be lessened 
when they are sounded together; but an interval of low fusion degree 
and of s^'ght difference of vibration rate may appear larger than one 
of a higher fusion d^;ree and a greater objective difference of com- 
ponents. To an unmusical ear, €.g., the second may appear larger than 
the third, and the third than the fifth. It is plam that ease of ana- 
lysis is here made the cntenon of difference — The influence of fusion 
upon sensible discrimination is also seen in the ease with which clangs 
or noises of mdefinite pitch accommodate themselves to other impressions 
of more definite character which are given with them. Orchestral 
music employs only two kettledrum clangs, which are a fifth apart 
The dissonances which inevitably arise (as they do with the triangle 
and the bass drum, for similar reasons) are rarely remarked, because 
the compensatory influence of fusion reduces the differences for 
perception. 


I 48. Theory of Tonal Fusion. 

I. Very different pnndples have been adduced in explanation of 
the facts set forth in the present Chapter. Before it was recognised 
that the musical relations of consonance and dissonance, harmony and 
disharmony could be brought under the general rubric of fusion, 
theory was simply concerned to account for the agreeableness or dis- 
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agreeableness of the various intervals, or to deduce the differences of 
musical concord from purely intellectual conditions. Thus Euler spoke 
of an unconscious counting by the mind, and believed that the sim- 
plicity of the numbers expressing the relative vibration rates of the 
tones in different intervals exerdsed a defimte influence upon their 
perception, their harmonic or inharmonic impression. This view has 
been recently revived by Lqips. who seeks to give it a psychological 
foundation by instancing the facility with which two movements can 
be executed together when the rapidly of one is a simple multiple 
of that of the other, and the rapidly increasing difficulty presented by 
more complicated ratios The nature of an interval as harmonic or 
inharmomc is thus determined by some sort of unconscious mental 
reaction upon the simple or complex relations of its component vibra- 
tion rates. 

2. It is evident enough that the affective value of the different 
musical intervals was the first consideration in the framing of this 
theory. But it does not enable us to give any quantitative expression 
to that value. The analogy of the execution of movements in different 
rhythms breaks down as soon as we attempt to apply it For if it 
held, very considerable difficulty ought to be experienced even with 
the ratio 2 : 3, and this considerable difficulty should qmckly become 
excessive with increasing complication. This is not confirmed, of 
course, by the actual pleasingness or displeasingness of the intervals 
And the hypothesis is inadequate on other grounds. It makes no 
attempt to explam the different sensible relations of the perfect and 
imperfect consonances and of the dissonances. The connection between 
ratio of vibration rates and musical effect, upon which it insists so 
strongly, is at most the postulate of a theory, not the theory itself 

Very much the same may be said of the theory proposed by 
Helmholtz, who makes the presence or absence of beats in a fusion 
of different tonal quahUes the cause of dissonance or consonance 
A flickering light, an intermittent cutaneous stimulus, and the recur- 
rence of beats in more or less rapid succession are all unpleasant 
The objection has often been made that even if the explanation hold 
for dissonance, the defimtion of consonance remains purely negative. 
It is a more fundamental obj'ection that the real problem has been 
altogether missed. Consonance and dissonance are not used primarily 
to denote the pleasant or unpleasant effect of a compound clang, but 
to specify the peculiar interrelations of sensations, ut., the unitariness 
or diversity of their total impression. 

3. It was soon realised that explanations of this kind were inade- 
quate to the great variety of musical effect Subsequent theories have 
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for the most part drawn a sharp line of distinction between conaonance 
nnH dissonance, on the one hand, and harmony and disharmony on 
the other, and have applied the prmdple of clang relationshqi in their 
explanation of the latter. It caimot be denied that the principle affords 
a real theory of musical hannonic% and a theory which covers a 
large proportion of the facts. But we have already shown that it, 
too, must be pronounced inadequate (§ 46. 6;. Stumpf was the first 
to suggest that the musical categories had their psychological basis in 
the phenomena of tonal fusion (§ 43. 8). On this view, it is un- 
necessary to emphasise the distmcbon between consonance and harmony 
or dissonance and disharmony: both may be regarded as simultaneons 
connections of tones.— The influence of beats, again, caimot be dis- 
puted. They lessen the affective value of a compound clang and 
destroy the umtaiiness of its total impression. But they are not 
necessarily imphed in dissonance, as is shown by the simple observation 
that equal degrees of dissonance may be connected with a very 
variable number and intensity of beats. And where a tone is heard 
differently by the two eaia {dtplacusii), the degree of dissonance is 
not diminished, although beats are altogether absent 
4. We find mention of the fusion of tones in Herbart’s psychology. 
But the Herbartian concept is of metaphysical oiigm, and has a quite 
different meaning from that which we have given to the word fusion. 
When sensations which belong to a single continuum meet within the 
mind, Herbart says, they fuse with one another more or less intensively 
according to their degree of opposition. This degree of opposition is 
defined in terms of the semi-tones of the tempered scale ^ 43. 4). In the 
octave the relation of the components is that of complete antithesis, 
and the degree of fusion */ii (the chromatic scale contains twelve 
tones within the octave). The degree of opposition in the remaining 
intervals is expressed by a fraction, whose denommator is the number 
of senu-tones from the fundamental to the limiting tone of the interval, 
and whose numerator is the number of steps between this tone and 
the octave of the fundamental. Herbart is thus led to the curious 
result, i.g., that the degree of opposition in the fifth (expressed by ^/*) 
is seven times as great as that in the second ('/lo = */•)■ Since fusion 
is inversely proportional to opposition, the octave is the worst and 
the second the best fusion. It is unnecessary to bring evidence for 
the statement that this entire >dew is in direct contradiction to the 
facts. Herbart has obviously confused two processes which we have 
learnt to keep sharply distinct, — sensible dkciimination and fusion. It 
is true in general that the disciiminability of successive tones increases 
witli increase of the distance separating the qualities upon the tonal 
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scale. Bnt in fusion other influences are at work, which largely 
compensate the difierences of vibration rate. 

5. It might be conjectured, from a purely psychological standpoint, 
fliat the similarity of two tones or clangs is the condition of then 
fusion. The rule would then be that the separability of two contents 
simultaneously present in consciousness is inversely proportional to 
their degree of similarity. There can be no doubt that this view is 
impliat in the principle of clang relationship community of fundamental 
or of certain overtones simply expresses a certain similarity between 
the related clangs. But the theory of similarity, in this sense of 
partial identity, caimot account for the fusion of simple tones. 
Similarity may, therefore, be given a different meaning, which can 
be best illustrated, perhaps, by reference to the octave. No one will 
deny that two tones whose vibration rates stand in the ratio i : 2 
make a very similar impression on consciousness. Whether a succession 
of clangs be played in a higher or lower octave makes very little 
difference to their perception. But on the other hand, there are no 
distinct degrees of similarity within the octave. And if it is suggested 
that the degree of fusion is a key to the degree of similanty, the 
question arises whether similarity is the condition of fusion or fusion 
the cause of the impression of similarity. 

6. In view of the difficulty which thus attaches to a purely psy- 
chological explanation of the phenomena of fusion, Stumpf has insisted 
upon the necessity of a psychophysical theory. And the dependency 
of tonal fusion iqxm the quahty of the components seems to justify 
his contention. The effects of attention, the influence of relative 
intensity, etc., refer ns to conditions which obtain for all forms of 
conscious contents as simultaneously presented. But we have seen that 
the influence of the component qualities is shown in the appearance 
of wholly specific difierences of fusion with alteration of the ratios of the 
vibration rates of the exciting stimuli in a defimte direction. Stumpf has 
accordingly set up a hypothesis of tp€{ific syntrgy. There is a specific 
synergy for the octave, the fifth, the fourth, in short for all the difierent 
degrees of fusion, and its condition is given with the simultaneous 
occurrence of two specific exatations subserving the sensations of the 
tones composing the interval Nothing more is gained by this formulation 
than the embodiment of the postulate of a psychophysical theory in a 
single phrase. In the existing state of our knowledge it seems impos- 
sible to read a concrete meaning into the notion of ‘specific synergy’. 

litmtnre: 

C. Stumpf, Tonpsychologw VoL ii., 189a 

Cfi the hteratnre cited under § 16. 
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Chapter II. The Fusion of Other than Auditory Sbmsatiohs. 
§ ^g. The Fusion of Colour Tone and Brightness. 

1. The view that a colour impression is at least as simple a matter 
as an impression of white or gray or black, which we find current in 
the (dder psychologies, has m modem tunes given way to the convic- 
tion that every colour contains two qualities, a chromatic and an 
achromatic. Still more recent is the recognition that alteration in the 
brightness of a colour cannot be termed an alteration of its intensity, 
except by an application of the word intensity in a sense foreign to 
its usual meaning There are three facts in particular which oblige 
us to r^ard a colour impression as a fusion of the two components 
colour tone and brightness, (a) The first is the peculiar modification 
of sensation by the continuous increase of the intensity of a homo- 
geneous light At the lowest degrees of intensity we have a brightness 
sensation, fiee fi-om any trace of the stimulus colour. As the intensity 
increases, we get the impression of the colour. This colour sensation 
becomes increasingly clearer in tone, reaching the maximum of satu- 
ration at a certain intensity of stimulus. After this it grows less clear, 
and ultimately, at extreme degrees of intensity, loses its colour tone 
altogether, so that only a brightness sensation remains. The phenomena 
are practically the same for all colours, except that the tone varies in 
certain cases : continuous increase of brightness is accompanied at first 
by an increasing and then by a decreasing distinctness of the colour 
tone. There is no escape fiom the conclusion that colour tone and 
brightness are two difiTerent qualitative components in the total impres- 
sion of a colour. And the inference is confirmed by the observation 
that the qualitative changes of brightness under these conditions are 
predsdy the same as those which occur in pure bri^tness sensations 

2. {b) The second feet of importance is the comparability of the 
brightness of a colour with a pure brightness As a general rule, it 
is very difficult to compare the intensities of different sensations (§ 42. 4) 
But recent experiments on the determination of the apparent bright- 
ness of a colour have shown that the selection of a gray of equal 
subjective brightness with a given colour is neither impossible nor so 
uncertain as might a priori be conjectured. This feet again points to 
the conclusion that what we call brightness in a colour is the same 
for sensation as the brightness of a white or gray, (r) And lastly, 
Furkinje's phenomenon (cf. § 19. 6) shows that colour tone and bright- 
ness are subject to different conditions in the different colours, and 
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that the total colour impression can hardly be explained excqrt on 
the assumption of a fusion of the two qualities. Certain quite recent 
experiments, it is true, have given occasion to a different interpretation 
of this phenomenon,— to the notion of a specific brightness of colours, 
or to the hypothesis of an influence of the colour processes upon the 
brightness processes. At all events, the difference in the ^parent 
brightness of different colours with objectively equal stunuhis inten- 
sities again suggests that we are in the presence of a coimection of 
different qualities 

3. The investigation of visual fusion is rendered especially difficult by 
our inability to separate out the one of the components, colour tone, from 
its attendant brightness. Our inquiry into its facts and laws is, therefore, 
confined to the comparison of colour bnghtness with colour brightness or 
of colour brightness with brightness proper. The latter method tells us 
nothing of the alteration which a colour tone certainly undergoes even 
at the brightness most favourable for its saturation. The ^temative 
method, on the other hand, can be applied in various dnections. («) 
we may determme the sensible discrimination for change in colour 
bnghtness with variation in the intensity of (as for as possible) homo- 
geneous lights; ifi) we may determine the sensible discnminataon for 
the degrees of saturation of a colour with increase of the amount of 
its brightness component; or (y) we may determine the relative bright- 
ness of colours with change of the absolute intensi^ of ill uminati on 
Eiqienments have been made in all three directions, though least ex- 
tensively by the second method. The first and second methods have 
given results which can be assigned at once to a place within our 
doctrine of fusion; but the observations so for taken by the third 
method are of a character which does not allow of their subsumption 
with any degree of certainty to the general rules of fusion It will 
be noticed that the fects with which we deal in the present section 
would be ordinarily discussed partly under the headmg of ‘ intensity of 
colour sensation’, and partly under that of ‘colour saturation’. Our 
reasons for departing fi’om the customary procedure have either been 
stated already (§§ 17—19) or will appear m the course of the Section 
itself. 

4. (a) The sensible discrimination for the brightness of spectral colours 
has been found within certain limits to follow Weber’s law. There is an 

5 

approxunate constancy for all colours of ~ ss Jif. This value is con- 
siderably larger than the a= yfy or less obtained under the most 
fovourable circumstances for brightness sensations proper (cf. § 18. 4, 5). 
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We may, therefore, infer that the sensible discrimination for brightness 
is diminished when the compared brightnesses are connected with colour 

tones. It is also noteworthy that — remains approximately the same 
for all colours. The fact affords confirmation of our hypothesis that 
the brightness foctor in colour is identical throughout, — is the bright- 
5 

ness sensation proper. The magnitude of — , on the other hand, seems 
to confirm the view that colour tone and brightness fuse with each 
other. At least, the reduction of sensible discrimination for bright- 
nesses, when cormected with colour tones, stands m complete accord 
with die results of quahtadve fusion in other departments (§ 42. 2). 
Here, too, upper and lower deviations from Weber’s law have been 
discovered, of the same character as those which occur in the pure 
brightness series: there is increase of the relative difference limen 
in either direction. 

5 {p) Unfortunately, no systematic investigation has been made 

into the sensible discrimination for the degrees of saturation of a 
colour. AU that has been attempted is a determination of the angular 
magnitude of a coloured sector sufficient to give a just noticeable colour 
tone to a rotating disc of black, gray, or white- These experiments 
contribute nothing definite to the solution of the fusion problem. It 
IS especially desuable that the question be made the subject of an 
accurate and detailed experimental inquiry, for two reasons, (i) In the 
first place, the method allows of a direct determination of the clear- 
ness of colour tones. Tests of the sensible discrimination for colour 
brightnesses (the former method) have as their primary object the 
definition of the just noticeable change of brightness ; and although 
the dearness of the colour tone may change with its brightness, the 
conditions of the experiment axe too complicated to allow of any 
certain inference as to the dependency of colour saturation upon 
intensive variation of the homc^eneous %ht. Expenments should, 
therefore, be carried out on a different plan: a gray of the same 
brightness with that of the colour under examination must be added 
to the colour in increasing amounts, and the just noticeable d^ees 
oS saturation change recorded. In this way the apparent brightness 
would be kept constant, while the dearness of the colour tone itself 
or of the brightness sensation connected with it was altered step by 
step in a definite direction, (ii) But there is another purpose to be 
served by a detailed experimental investigation of sensiUe discrimina- 
tion for degrees of colour saturation. The system of visual sensations 
is ordinarily represented by the figure of a douUe con^, a double 
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pyramid or a sphere. The equatorial plane of the sphere, is 
formed by the colour circle, the periphery of which contains the 
saturated colours in their spectral order together with the purples con- 
necting red and violet (cf. § 19 3); the two poles correspond to the 
most brilliant white and the deepest black; and their line of junction 
passes through all degrees of die pure brightness sensation between 
its two hmituig values. The meridians then represent the various 
changes produced m sensation by a simple mtensive variation of 
a homogeneous light, or the degrees of saturation of a colour tone 
under the increasing influence of a very dark or very light colourless 
sensation. The lines connecting points upon the equator with various 
points on the line of junction of the two poles give the different 
degrees of saturation of brightness or colour tone between the two 
values takem The double cone and double pjrramid are used in 
precisely the same way. The base of the two cones is the colour 
cude, and their apices represent the most brilliant white and the 
deepest black. The base of the pyramid is formed by the tnan^e 
ordinarily employed to illustrate the phenomena of colour mixture 
(cf. § 17. 5, 6; Fig. 7) with die three primary colours at its three 
angles, and the pomts of the two pyramids denote the two limiting 
values of the brightness senes. Now it is evident that these figures 
can have no concrete meaning until we know something positively 
of the laws govermng degree of saturation. We cannot say any- 
thing of the length of the various hues, or even of the form of 
the whole tridimensional figure, until we have ascertained (by a test 
of sensible discrimination) die number of distinguishable d^;rees be- 
tween any two limiting values. In any case, however, the figure 
could not represent the complete system of visual sensations, but 
would merely be a convement illustration of the dependency of the ana- 
lysis of colour tone and brightness upon the relative weight of either 
component 

6. It is suffidendy dear fi-om these remarks that we cannot at 
present isolate the various fiictors which are of influence for visual 
fusion so accurately and completely as we could the conditions of 
tonal fusion. In die latter case, we could trace the individual influ- 
ence of quality, intensity, and number of components. We cannot 
sjieak here of an influence of intensity, because there is no such 
dung as an intensity of visual sensation; and we cannot speak of the 
influence of number, because simultaneous light impressions which are 
spatially co-inddent present but two quahbes to analysis,— a colour 
tone and a certam brightness. The ‘mixed* colours, as we saw above 
(§§ 17, 19), are just as simple in colour tone as the ‘prindpal’ colours. 
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There is, therefore, only one method by which an influence of visual 
quahty upon fusion can be determined: we must ascertam the rela- 
tion of different colour tones to the different degrees of the brightness 
senes. (7) A beginning has been made in this direction by ezpen- 
ments on the change of apparent bnghtness in different colours under 
the influence of change m the absolute intensi^ of illumination (the 
third method). Purkmje’s phenomenon must be regarded as one of 
the observations which belong here, as it shows the brightness of 
different colours with a reduction of absolute illumination to the point 
at which the specific quah^ of the colour tone ceases to be cog- 
nisable. 

7. We have already given a brief description of Purkinje’s phenom- 
enon (§ rq. 6). If the absolute bnghtness is reduced to the pomt 
just mentioned, the relative brightnesses of the different colours follow 
a quite different order fi:om that in which they stand while the colour 
tone is perceptible. At a relatively high mtensity of illumination the 
tnaxitnal brightness is reached by a yellow of about 605 fqi; as the 
illumination decreases, it travels in the direction of green, up to about 
535 «*• We may lay it down as a general rule that the more refran- 
gible colours, from green onwards, gam, while the less re&angible 
colours, from red to yellow, lose m relative bnghtness with duninution 
of the absolute illumination, and vict vma if the absolute illumination 
IS mcreased. Or, if we wish to express the fact in another way, we may 
say that red, orange and yellow have a positive, and green, blue and 
violet a negative brightness coeffiaen^ while between yellow and green 
there must be a point of indifference at which brightness is independent 
of its attendant colour. Beyond a certain limit of illumination there 
is but very slight apparent alteration of colour bnghtness. It might 
be inferred from this that colour brightnesses are relatively constant 
at a certain maxunal mtensity • although the obscuration of Purkmje’s 
phenomenon under these conditions may also be referred to the 
dimmution of the absolute sensible discrimination with mcreasing stim- 
ulus intensity. It is noteworthy that the distnbution of bnghtness in 
the spectrum at the lowest degree of intensity differs very httle with 
difierent mdividuals, and in particular holds for the monochromatic 
(cf. § 20. 5) as well as for the normal eye, whereas the determination 
of relative colour bnghtness at higher intensities of illumination shows 
considerable differences as between different observers. 



$ so- TH£OItr OF VISUAL FUSION. 


3*3 


S So. Theory of Visual Fusion. 

1. Certain of the facts which we have outlined in the foregoing 
Section have always been of crucial importance for the formulation of 
a general theory of visual sensation. The Furkinje phenomenon in 
particular cannot be interpreted on the Young-Helmholtz theory {§ 21) 
except by the aid of very comphcated and improbable hypotheses of 
the nature of the primary sensations and their dependency tqion the 
absolute stimulus intensi^. We have already mentioned (§ 20. 6) that 
to a totally colour-blind eye the brightness of the various spectral 
colours at all degrees of absolute illuminative intensity are the same 
with those of the normal spectrum in Purkinje’s experiment, tjt., at 
the lower limit of intensity, at which the colour tones as such diss^pear. 
An unbiassed consideration of this &ct carmot but lead to the con- 
clusion that the brightness component in a colour impression is an 
mdependent factor, subject to special conditions The theories of 
Henng and Wundt are both able to take account of it Hering, indeed, 
finds one of the prinapal supports of his hypothesis in the coinadence 
of the monochromatic brightness sensations with the distribution of 
colour brightness at the lowest intensity in the normal spectrum But 
Wundt’s theory, with its distinction between the chromatic and achro- 
matic excitations, is also adequate to the phenomena. It assumes that 
the intensive course of the two excitations is governed by difierent 
laws ; the achromatic b^;iiis earlier than the chromatic, and rises 
approximately m a straight Ime, while the chromatic mcreases rapidly 
up to a certam limit, and then remains practically constant at the 
same level of intensity. Hence the chromatic excitation must reach 
a relative maximum at a certam moderate degree of mtensity, on either 
side of which it grows relatively weaker. It is clear that this view is 
also adequate to the fact of a gradual increase in the intensity of 
homogeneous rays (§ ry. 3; § 49 i). 

2. Henng, however, goes on to assert that green and blue (the 
colours of assimilation) obscure the brightness of the total impression, 
while red imd yellow (the colours of dissimilation) mcrease it He 
does not offer ciny explanation of the maimer in which this result is 
brought about We might, perhaps, imagine that the assimilatory 
colours checked the dissimilation of the black-white substance, and 
that the dissimilatoty enhanced it. The mutual independence of the 
two kinds of visual substance would then be given up for a partial 
dependency of the black-white upon the colour substances. As a 
matter of fact, an attempt has recently been made by Ebbinghans to 
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remodel Hering’s hypothesiB npon these lines. On the new theory, 
all stimuh are dissmulative, i.«., have a decomposing action upon the 
sensitive substance of the retina. But the brightness of a gray is not 
exclusively determined by its pure brightness component; it is the 
resultant of this and of the brightness values of simultaneous chromatic 
excitations, whatever th^ may be. The view is supported by a very 
remarkable observation. It is found that a gray which is procured 
by the mixture of complementary colours shows the same dependency 
upon the absolute intensity of illumination as is displayed by the 
two constituent colours under the conditions of Purkinje’s experiment. 
Thus, if a gray obtained from red and green is made equally bright 
with the gray obtamed from blue and yellow at a certain low intensity 
of illummation, it will appear distmctly darker than the second gray 
when the absolute iUuminative intensity is increased. And the reverse 
effect is produced, if the two grays are made equal at a comparatively 
high intensity, and this is afterwards diminished. Ebbmghaus declares 
that the phenomena can be understood only on the assumption that 
the chromatic values, even when they are not perceptible as such, 
exert an influence upon the intensity of excitation of the achromatic. 
In his own words, the bnghtness of a gray is "onginally derived 
from two sources: from the decomposition of the white substance, 
and from the decomposition of the (in some respects antagonistic) 
chromatic substances.” 

3. But even in this modified form the Hering theory is not 
altogether satisfactory. Ebbmghaus has furnished a possible explanation 
of the brightening effect of red and yellow; but his view does not 
account for the contrary influence of green and blue. If there is 
summation of the decomposition processes in all the visual substances, 
we can understand vdiy the decomposition of a chromatic substance 
should make a certain positive contnbution to the excitation of the 
white substance; but there is no ground for the assumption of a 
negative contnbution, such as is required by the observations with 
blue and green. Indeed, if we probe a httle deeper, it is not easy 
to see how either result is really exphcable by the presuppositions of 
the theory. A ray of homogeneous light has but two attnbutes, period 
(wave length or vibration rate) and amplitude (energy or intensity). 
The most reasonable hypothesis would seem to be, then, that the 
chromatic excitation is dependent upon the former, and the achromatic 
upon the latter. It is hardly conceivable that the excitation in both 
kmds of visual substance is dependent upon both of the stimulus 
attributes, ij$., as the theory declares, that increase of the decomposi- 
tion process in the one necessarily implies its greater or less increase in 
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the other. lu other words, we cannot form any definite idea, m 
terms of ph3rBics and physiology, of the reinforcement of the brightness 
sensation by chromatic stimulation. Of course, this only adds to the 
difficulty of the observation of the brightness of complementary 
colours (cf. 5, below). But the point to be made here is, that the Heiing 
theory as remodelled by Ebbmghaus is still inadequate to its explanation. 

4. In the author’s view, the Purkmje phenomenon is simply a 
phenomenon of fusion. The different colours have very different 
effects upon the percephbih^ of the brightness connected with them. 
Unfortunately, we cannot say how their own cognisability is influenced 
by this attendant brightness (§ 49. 3). smce brightness is as invariable 
in the colour impression as mtensity in the ray of light On fhe other 
hand, we know the natme of the pure brightness component in the 
colour impression fiom our own observation of colours at a low inten- 
sity of illumination and from the distnbution of brightness in the colour- 
blind spectrum As the apparent bnghtnesses are differently distributed 
in the spectrum when the separate colour tones are visible, we must 
suppose that the intermixture of colour quality exerts a definite influ- 
ence upon the brightness of the total visual impression. Red and 
yellow are relatively bnght colours, green and blue relatively dark; i.t, 
m OUT own tenmnology, the impression of yellow or red enhances 
the quality of the pure bnghtness component in the fusion, while 
green and blue diminish its apparent bnghtness. Visual fusion is, 
accordingly, of an altogether different type from tonal fusion. The 
addition of colour to brightness not only renders the analysis of bnght- 
ness more difficult, but alters the quality of the bnghtness component 
in a definite direction. 

5. The difference between this view and that of Ebbinghaus is 
suffiaently plain We regard the actual bnghtness of an impression 
as exclusively dependent upon the intensity of the homogeneous 
light; Ebbmghaus speaks of a contribution made to it by the ccflour 
components. We, therefore, are under no ob%ation to accept the 
physical and physiological difficulties which arise upon the other theory. 
Visual fusion would rather be analogous to those instances of tonal 
fusion in which fusion degree conditions an apparent alteration of 
quality (cf. § 47. 10). We found that an unmusical subject judged the 
mterval of the second to be greater than the interval of the third, 
and the third greater than the fifth; a low degree of fusion was inter- 
preted as a considerable difference of quahty. So here, a brightness 
appears greater than it is, when connected with red and 3mllow, and 
less than it is, when combined with green and blue. There is one 
fact, however, which requires a definite physiological explanation,— the 
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constancy of the apparent brightness of the mdividual cokturs under 
constant conditions. The simplest hypothesis is furnished by Wundt’s 
theory. Following it, we suppose that the different colours increase 
in colouring poww and attain their maTiTnal saturation at different 
irqndities, with equal increase of stunulus intensity. Red and yellow, 
attain their maximal clearness at a relatively low intensity, while 
a relatively high intensity is necessary for the maximal saturation of 
green and blue. This view receives support from observations on the 
time required for the perception of the various colours with perfect 
clearness {cf. § 19. 5). And it is an obvious corollary that a gray 
obtained fixim complementary colours cannot remain constant with 
alteration of the absolute stimulus intensity, but must incline in the 
direction of one of the colour tones We thus have a very simple 
explanaUon of Ebbmghaus’ observation (2 and 3, above). 

§ Si. The Fusion of Other Sensations. 

1. (i) We find instances of qualitative fusion in other sense depart- 
ments than those of vision and audibon (a) We can hardly doubt, 
tg., that olfactory sensations fuse, though not so completely as to 
prevent analysis of the mdividual components. But no exact obser- 
vations, to say nothing of expenmental mvestigabons, have as yet been 
made upon the question The first requisite for the understanding of 
olfactory fusion, as for the theory of olfru:tion in general, is a know- 
ledge of the adequate stunuh for the various olfactory qualities. ( 6 ) 
Certain phenomena of gustatory fusion have been observed. Thus a 
mixture of salt and sweet substances in solutions of appropriate satur- 
ation renders the analysis of either component difficult (or prevents it 
altogether) under conditions which exclude the possibility of chemical 
interaction. The same rule seems to apply to other gustatory sub- 
stances, but the observations extant are not sufficiently numerous to 
prove its general validity. It is interesting to notice that contrast 
effects frequently occur when difierent gustatory stimuli are simultane- 
ously apphed to different parts of the tongue. Salt, e.g., is relatively 
intensified by aad, and conversely. It would appear, therefore, that 
both forms of sensible connection are possible within the sense of 
taste; a contrast, or at least an independence of the component 
sensations appearing with their spatial or temporal separation, and 
fusion arising with identity of s^xitial and temporal conditions. Quan- 
titative results, however, must remain of doubtful value until we can 
attach an objective significance to the amount of gustatory substance 
contained in a solution ($ la. 2, 4; § 24. 4). 
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S. {e) Fusion is impossible within either of the principal HaiiiiM of 
cutaneous sensations, for two reasons* their spatial attributes admit of 
no other connection than colligation, and their qualitative unitaiiness 
prevents any combination of different qualities. There is onlj one 
fact to mention under this head : the preponderance of pain over the 
sensation qualities which it accompames If a pressure, cold, or heat 
stimulus is increased to the pomt of painfulness, the resultant impres- 
sion is essentially the same. Pam is here regarded, of course, 
not as affective tone, but as a special quality of sensation (§ lo. 4). 
(d) That there is something anal<^ous to fusion in the sphere of the 
organic sensations is shown by the difficulty of their introspective 
analysis. We have seen that special experiments were required before 
anything positive could be discovered as to the quality and physical 
origination of the sensabons of the ‘muscle sense’ (§22. 2). Even 
now we are by no means certain of the specific qualities of common 
and orgamc sensation, so difficult are they of analysis. We carmot 
doubt that practice, and the accuracy in the direction of the attention 
which practice brings, must always play an important part in their 
discrimination. But that these general factors are not the exclusive 
conditions of analysis is shown by the &ct that a temporal separation 
of the constituents greatly facilitates their individual cognition 
(«) Lastly, there are certain other facts of fusion to mention in the 
department of auditory sensations Considered as simultaneous im- 
pressions, the rustling of the wind, the hissmg of steam, the roll of 
thunder, the roar of a salvo of artillery, the rumbling of a wagon, 
etc, must all be interjireted as fusions of simple noises (non-periodic 
vibrations) or of simple tones (uniting to form aperiodic vibrations) 
or of tones and noises. 

3. (2) So far we have spoken only of connections of qualities 
within one and the same sense, We must now examine the simul- 
taneous connections obtaining between qualities of different sense 
departments. Herbart proposed to call these coimections 'complica- 
tions’ (§ 42. 4) They all seem to fall within the general meaning 
of the term fusion : i.«., they give rise to a qualitative total impression, 
and are difficult of analysis into their individual constituents. The 
mpst favourable conditions are realised when the coimection has 
become empirically associated to a definite idea, and when a single 
stimulus sets up simultaneous excitations in different sense organs, 
(o) Thus a gustatory substance often serves as a stimulus to the pressure 
sense of the buccal cavity and to the sense smell, at the same 
time that it excites the organ of taste. This explains why the sense 
of taste is commonly accredited with so many qualities which really 
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bdong to the sense of smell (§ 12. i). Onr cnstomaiy foodstufb 
{meats and many vegetables) are tasteless, and obtain a gustatory 
valne only by the intermixtore of salt, sugar, etc. Nevertheless, all 
these substances, vdiich we actually discriminate by smell, are ordi- 
narily regarded as possessed of special attributes for the afiection of 
taste. The same thing bolds of the - taste * of a good cigar or a fine wme 
or a refreshing fruit And the co-operation of the pressure sense is 
implied in many names for ‘tastes’: biting and burning tastes, mild 
and astringent flavours are certainly referable to its influence In every 
case, the fusion is prejudicial to accurate analysis. 

4. (t) Sirmlar phenomena recur in the domain of cutaneous sen- 
sation. Pressure and temperature readily combine to a qualitative total 
impression. Light contact may be confused with a temperature stimu- 
lation, and conversely It has been inferred from these facts that the peri- 
pheral conditions of the origmation of temperature sensations (warmth 
or cold) must be identical with those of the production of pressure 
sensations. The conclusion is certainly mconect For (a) confusions 
of flie kmd are by no means uncommon elsewhere under similar conditions 
of stimulation; (fi) recent investigations have proved fliat thermal sensa- 
tions are excitable by simple mechanical pressure upon the skin; and 
(y) there are many reasons for the separation of the peripheral appara- 
tus of pressure and temperature (cf. §§ 10 and 1 1). To explain the obser- 
vation we must rather suppose either that the sensations perceived are 
actually produced, or that the frequent connection of the two kinds 
of quahbes prevents their cognition in the particular case. Another 
fact which might be alleged here is that cold weights seem heavier 
than warm weights of the same objective magnitude But it is pro- 
bable (§ 24. 3) that the wrong judgment can be adequately accounted 
for by the external conditions of stimulation. 

5. The vanous ‘qualities’ of the sense of ‘touch’, — smoothness 
and roughness, bluntness and sharpness, hardness and softness,— may 
also be looked upon as phenomena of fusion The components in 
every case are the sensations proceeding from friction of the articular 
surfaces, and sensations arising from pressure upon the skin. We 
have seen that these two classes of sensations are exceedingly similar 
in quality (cf. § 22), so that it is not surprising that their analjrsis 
dates from very recent investigations. We can best inform ourselves 
of the smoothness or roughness of an object by passing a sensitive 
portion of the skin to and fro upon it, i.*., by moving over it at a 
uniform rate. If the movement is not noticeably obstructed, the sur- 
foce is judged to be smooth; if contact is more or less often inter- 
rupted as the movement continues, the object appears uneven or rough 
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In IWb case, the co-operation of the articular ‘sensations of resistance’ 
is at least as important for the accuracy of judgment as the suc- 
cessicm of the stunuli affecting the particular cutaneous area. The 
articular sensations are of less importance for the apprehensbn of 
sharpness and bluntness, the discrintination of which depends for the 
most part iqxm the ^tial characters of the pressure sensations aroused 
by the object. They are more important, again, for the estimation of 
hardness and softness. 

6. The ‘sensation of double contact* is also a combination of cu- 
taneous and articular sensations. If we touch an object with a stick 
or other solid body, we seem to sense, besides the pressure of the stick 
upon our skin, the resistance which the object offers to its progress; 
a^ we can judge of the quality of the suri^ touched in this indirect 
way with extraordinary accuracy, when visual perceptions are excluded. 
This sensation of double contact is especially important to the blind 
man, who has only his stick to aid him in ‘finding the way’ which 
he has to travel. There can be no doubt that experience (association) 
plays a part in the sensation, and is one condition of the apparent 
transference of sensation from the hand to the farther extremity of 
the stick which it grasps. But it is equally certam that the duphcation 
of sensation is based on a definite sensory fact, — the difference in the 
excitation of the cutaneous and articular sensibility by the object held in 
the hand. The distnbunon of pressure over the surface of the hand is 
feirly irregular, and takes various directions; but the articular sur- 
faces are always stimulated from one and the same direction. Here, 
therefore, we are able to analjrse two components whose separation 
under normal circumstances is exceedingly difficult It would be well 
if this interesting phenomenon were made the subject of exact psy- 
chological investigation, and attention paid to the physical relations 
involved. 

(f) In conclusion we may briefly mention that the common sensations 
are also to be regarded as phenomena of fusion (except where they 
are characterised by the succession of individual sensations ; § 23. 3). 
This would explain the extreme difficulty of their analysis, and the 
apparent novelty and peculiarity of their total impression ($ 23. i : cf. 
clang colour). 
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Cbastxr. III. Ths Emotions and Imfdlsbs. 

S 5b. The Emotions. 

1. Emotions and impulses are ordinarily classed together as afftcHvt 
procttut. This phrase emphasises the feeling element of the fusion. 
And the emphasis is natural, in view of the current classification of 
the esperiences m terms of affective quahty — of the emotions as pleas- 
urable and unpleasurable, of the impulses as desires and aversions, and 
of the passions (which are referred to the same psychological category) 
as love and hate. The systematic proof that all these terms cover 
definite sensations as well as feehngs, and that it is the sensations which 
give tiie various impulses and emotions their characteristic colouring, 
is of quite recent date. Traces of such a view, however, are discover- 
able in certain other customary classifications. Thus the distinction 
of txeUing and derating emotion^ and the analogous discrimination 
of attraction and npnhton among impulses, plainly contain a reference 
to definite differences in bodily posture and movement, and their 
attendant organic sensations.— The words ‘exating’ and ‘depressing’, 
as applied to the emotions, are not strictly identical with ‘pleasurable’ 
and 'unpleasurable': w« have seen that there are two stages of unpleas- 
antness (§ 37. 3), so that the unpleasurable emotions may be either 
exciting or depressing. But this fact does not constitute a suffiaent 
reason for the recogmtion of two new affective quahbes (§ 35. 3). 

2. Our own view of the emotions and impulses is, then, that they 
represent the fusion of sensations and feelings. This theory enables 
ns to understand the lateness of the discovery and definibon of the 
sensations which they contain, (i) The sensible components are more 
or less obscured by the vividness of the concoimtant feelings. Even 
now, we have no adequate knowledge of then various combinations, 
(ii) Moreover, the sensations involved in an emotion or impulse are 
exceedingly numerous, and consequently fuse to a characteristic total 
impression, (iii) And lastly, there are some emotions, expectation and 
surprise, o^., whose affective tone, as pleasurable or unpleasurable, is 
hardly noticeable. It cannot be said, therefore, that their differentia 
b the affective quality of pleasantness or rmpleasantness. A surprise 
may be agreeable or disagreeable: expectation pleasant or unpleasant 
This fact again, has been uiged in support of the hypothesis that the 
emotions are peculiar affective processes, co-ordinate with the feelings 
of pleasantness and unpleasantness. But it can hardly be denied that 
processes like expectation and surprise owe their specific character 
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simply to certain complexes of organic sensations — however difficult 
the description of these may be m the particular case. If we abstract 
from the ideas which arouse the emotive reaction, their sole components 
(the feelings of pleasantness and unpleasantness being ruled out as 
characteristic constituents) are organic sensations, which, however, as 
everyone knows from experience, wear a very different aspect in the 
two cases. We thus obtain two classes of emotions : one in which the 
organic sensations are so far preponderant that they appear to be the 
sole determinants of the character of the total state, and another whose 
essential characteristic is a feeling of pleasantness or unpleasantness. 
Between these two extremes is arranged the long series of moderately 
intensive emotions, in which the influence of fedings and organic sen- 
sations is approximately evenly balanced 

3. The discrimination of emotions from impulses, which always 
involve defimte feelings of pleasantness or unpleasantness, is difficult 
only m cases where the emotions themselves are characterised by the 
presence of a similar affective quality. It is sufficiently obvious that 
expectation and surprise are not impulses: but the classificatory posi- 
tion of such experiences as anger and rapture can hardly yet be stated 
with any d^ee of certainty. Various charactensbcs have been taken 
as distinctive of the two states. Thus (i) the emotions are passive, 
the impulses active experiences, (ii) Or the emotion may be defined 
as an affective process which is externally conditioned, the impulse as 
an mtemally conditioned process of the same order. For the emotion 
is evoked, as a general rule, by the action of external stimulation, 
while the impulse is ordinarily originated by certain internal stunuli. 
(ill) A third ground of distmcbon has been suggested by Lehmann. 
The only certam criterion of emotion and impulse, m his opmion, is 
the difference in the movements to which they give rise. It is charac- 
teristic of emotive expression that the muscles whose innervation is 
independent of the will of the subject are thrown into contraction, 
whereas in impulse the principal part is played by the activity of the 
‘voluntary’ muscles. It is true that the voluntary muscles are also 
demonstrably concerned in emotive expression; but the movements 
here, Lehmann declares, have not the defimte direction which they 
take under the influence of impulse. They appear rather as irradia- 
tory processes, the causes of which are to be looked for in the exci- 
tations widely difliised throughout the central nervous system during 
a violent emotion. The difference between emotion and impulse is 
thus reduced to a difference between the emotive and impulsive 
movements. 

4. It is evident that this last attempt to formulate the dis ting ui shing 
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charactemtics of impulse and emotion expressly renounces the appeal 
to introspection which is, nevertheless, our one reliable means of 
determining the quahtative nature of psychical states. At the same 
time, the definition of the objective diflerences in emotive and 
impulsive expression, if they are constant and well marked, may 
prove veiy useful for the identification of the subjective experience. 
And as a matter of fiict, Lehmaim’s distinction seems to agree with 
the first of the differences between emotion and impulse mentioned 
above, the difference of activity and passivity. The most adequate 
description of the two processes will accordingly run somewhat as follows. 
Emotion is a connection of feelings and organic sensations, whose 
sensible constituents are conditioned partly by the excitation of bodily 
changes mdependent of the vohtion of the subject, partly by innervation 
of the voluntary muscles, mdefinitely directed, and also indepmident 
of the will as such. Impulse, on the other hand, is a fusion of 
feelings and organic sensations whose sensible consbtuents are condi- 
tioned by vohmtaiy movements, ideated or executed, more or less 
determinate in direction These definitions, it will be noticed, furnish 
the vindication or explanation of the positiveness of our recent 
distinction between the emotions which have no noticeable affective 
tone and impulses The orgamc sensations in expectation and surprise 
are entirely due to involuntary movement or strain. — The remaining 
view, that external or internal stimulation is the characteristic condition 
of the origin of emotion or impulse, must be rejected as madequate. 
The exceptions to the rule are so numerous that it certainly cannot 
be made the basis of an exact definition of the two states. 

5. There is no extant classification of the emotions which does 
justice to their character as analjrsed in the foregomg discussion. 
Spinoza’s famous exposition (Ethics, Ft. Ill.g is not conceived at all 
from the psychological standpoint, and becomes rigidly schematic 
under the influence of the wnter’s geometnc method. The mam 
prmciple of classification of the emotions, as joys or sorrows, is the 
distinction of a traimtto a mxnort ad majorem and a mx^ort ad 
minorem peifecttonem • a fact which shows at once how completely 
unpsychological Spmoza’s procedure is. In the popular classifications 
there is a conflict of the two divisions by pleasantness or unpleasant- 
ness and excitement or depression. Some weight is also laid upon 
the intensity and duration of the various states. Anger and rage are 
exciting unpleasurable emotions; rapture and enthusiasm are exciting 
pleasurable emotions. Sorrow, care, and dejection, on the other hand, 
are depressing unpleasurable emotions; there are no nameable depressing 
pleasurable emotions. Intensive series are formed by such states as 
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enthusiasm, admiration, and respect; rage, anger, and ill humour; rapture, 
joy, and content , despair, sorrow and melancholy. Duration discriminates 
emotions like happiness and rapture or fright and despair. Relatively 
permanent emotive states are often termed moods; we speak of a 
happy or despairing, a cheerful or sorrowful mood, and so on. No 
sh^ line of distinction can be drawn between emotion and mood. 
The only point to notice is that there is no such state as an exciting 
unpleasurable mood, because the primary stage of unpleasantness, 
which is correlated with an abnormal mcrease of exatability, is too 
transitory to persist as a permanent affective tone (§ 37. 3). 

6. A classification of the emotions, to be psychologically satisfiictory, 
must take account both of the relabve preponderance of the particular 
emotive constituents and of thar special nature. No such classification 
is possible at the present time, the various emotions have not been 
subjected to exact analysis in either direction. We can, therefore, 
do no more here than select certam ^es for characterisation. We saw 
just now (2 above) that there are two extreme forms of emotaon, 
between wluch all the rest may be arranged The one extreme is con- 
stituted by emotions in which the organic sensations are so completely 
predominant as to determine the actual character of the emotion. 
Emotions of this class we may term objective Here belong the 
processes of expectation and surprise, instanced above, together with 
amazement, etc. We have already treated of expectabon as a general 
condition of sensiUvi^ and sensible discrimination (§ 5), of feeling 
(§ 39). and of tonal fusion {§ 47) In every case, it appeared to be 
a form of attention, an attentive preparation for a coming state, process, 
or content. The emotive constituent in expectabon consists essentially 
in the complex of stram sensations, which appear as the result of 
this preparabon for some more or less definite occurrence. The 
mtensity of the emobon is ordinarily measured by the vividness of 
these strain sensabons. Thus we speak of a strained eii^ectabon, and 
refer to the amount of sbain as agreeable or disagreeable. The 
relabon of these degrees of strain to the feelings is governed by the 
rules which we laid down in our discussion of the influence of stimulus 
intensity on feeling (§ 37. 7). The strain of expectation, that is, 
may be agreeable or disagreeable, accordmg to its duration or intensity. 
The phenomenon fa complicated by the feelings attaching to the 
ideas of the expected event, etc., which may also be of a pleasurable 
or unpleasurable character. Thus an agreeable strain of expectation 
may be connected with the idea of an unpleasant occurrence, or a 
painful strain of expectation accompany the idea of a very delightful 
experience. We attribute a different character to expectation itself 
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accoiding as the one or the other feeling preponderates. ‘Fear’ suggests 
the eiqiectation of an unpleasant event, often connected with vivid 
sensations of strain; ‘conSdence’ the normal steadiness and evenness 
of strain sensation, which are maintained as long as the object of 
expectation remains indeterminate. We may say in general terms 
that the clearness of the really emotive constituents of expectation, 
die strain sensations with their attendant feelings, is proportional to 
the indeterminateness of the ideas upon which expectation is directed. 
This serves to explam the fact that the emotion plays a Ear more 
important part in the investigation of sensitivity and sensible dis- 
crimination by the procedure without knowledge, than in experiments 
made by the procedure with knowledge. 

7. Tlie origm of the strain sensations which occur in expectation 
can, of course, be more easily traced when the ideas of the expected 
event are determinate than when they are indeterminate. Expecta- 
tion is never wholly undirected: some ideas will be present, however 
indefinite. Hence no sharp line of distinction can be drawn between 
the procedure with and the procedure without knowledge. The stram 
sensations seem in every case to be preponderantly localised in the 
sense organ whose stimulation is expected. Thus if the content of 
expectation is a visual idea, we can trace more or less distinct strains 
m and about the eye, caused apparently by the contraction of the 
muscles which keep the eyeball turned m a definite direction and 
by the accommodation for a definite distance Expectation is charac- 
teristically expressed by arrest of bodily movement, steady and un- 
flmching gaze, the turn of the head for listenmg, eta All this points 
to an intensive strain upon muscles and tendons, appearing with 
peculiar distinctaess m diSerent parts of the body according to the 
quality of the expected impression 

The objective symptoms of surprise may be very fairly described 
as the precise opposite of those of expectation. And subjectively it is 
the antitype of expectation. There is no preparation for the coming 
impression. Indeed, the completeness of surprise is proportional to the 
unpreparedness of the whole course of thought, the adaptation of the 
sense organs, and the direction of the attention, for the entrance of 
the new process mto the existent state of consciousness. The sur- 
prising event, therefore, produces a sudden interruption of the train 
of ideas and a relaxation of the processes of movement or contrac- 
tion ooimected with precedent impressions. 

8. It is evident that we must distinguish in surprise, as we have 
done in expectation, between the ideas which introduce or occasion 
the emotion and the organic sensations produced by the character- 
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istic motor disturbance. The feelings attaching to the two sets of 
processes are, here too, of quite different character, and language 
distinguishes between the two factors m the emotion in such phrases 
as ‘pleasant agitation’. We mean by the expression an impleasantly 
violent shock, occasioned by a pleasurable occurrence; a pleasurable 
occurrence may be as unpleasant, in this sense, as a sorrowful. It is 
difficult to define the peculiar organic sensations which we experience 
in surprise. Nothing more defimte can be said, perhaps, than that 
they must be the conscious correlates of sudden changes in the motor 
condition of the body. Some part is played in the emotion, how- 
ever, by the equally sudden diversion of the course of ideas, the 
more or less complete reversal of the thoughts and feelings of the 
moment. It is clear, therefore, that the surprise will be most distmct 
when the actual impression is the direct opposite of the expected. 
If we are expecting a weak stimulus, and an mtensity is given for 
which we are absolutely unprepared, the resultant surprise is very 
great; and as the intensity of the emotion affords a certam measure 
of the magnitude of the difference between the expected and the 
real, our judgment is correspondingly deceived. Thus a strong sti- 
mulus which surprises us is taken to be stronger than it really is, 
and a weak impression seems weaker than it otherwise would appear. 
This deception of judgment is e^ecially liable to occiu: in the course 
of the procedure without knowledge, when definite expectations have 
been involuntarily formed by the subject, at the suggestion of some 
mcident in the progress of experimentation (§ 5 6) 

9. The other class of emotions contains the subjtcltve states, in which 
the two affective qualiUes exert a dctermimng mfluence. Language 
has done far more for this category of emotion than for the former. 
Perhaps the only objective emotion, besides expectation and surprise, 
is amazement or wonder, the constituents of which are very similar 
to those of surprise itself. Here, on the other hand, we have not 
only the fun dam ental forms of affective emotion proper, joy and sor- 
row, but the further distinction of excitement and depression, withm 
the unpleasurable emotions. And there are all manner of degrees of 
the intensity and duration of these states, as we mentioned briefly 
just now. Since the pleasurable emotions are mvariably exciting, the 
classification by joy and sorrow points at once to a certain contrast 
m organic sensations : the contrast of intensive innervation and move- 
ment, on the one hand, and greatly dimmished and restricted motor 
excitability on the other. The violent unpleasant emotions, such as 
rage and anger, are also of an exciting character; but the primary 
stage of unpleasantness is too transitory for them to persist for any 
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length of time. The distinction between the feelings connected with 
organic sensations and the feelings attaching to mitiatory ideas is 
again in place, but can hardly be carried through m practice, as the 
ideational contents tend strongly to predominate and the feehngs 
attachmg to them exercise a determining influence upon the affective 
character of the emotion. 


I 53. The Impulses. 

r. The close relaUonship of emotion and impulse is universally 
acknowledged. The definitions m the foregoing Secbon (§ 52 4) show 
how difficult It is to draw a hard and fast Ime of division between 
the two states. Emotion becomes impulse whenever the expressive 
movements are duected into a definite channel under the influence of 
the will. Thus anger passes over mto impulse when there are added 
to the emoUon determinate ideas (and the correspondmg organic sen- 
sations) of the movements which would serve to restore contentment, 
and so to abrogate the emotive state * and rapture passes over into impulse 
when there are added to the emotion certam other ideas of move- 
ments, subserving the retention of the emotive state. This fact is of 
Itself suffiaent to show that impulses in general are far more closely 
connected with the affective qualities than are the emotions. It is 
frequently asserted that the end of an impulse is always either the 
retention of a pleasurable feeling or the removal of an unpleasurable 
feehng. And the content of the impulse is partly determmed by the 
nature of its end, smce the movements subserving the two opposite 
purposes take equally opposite duections Again, the popular distinc- 
tion of likes and dislikes, attraction and repulsion, love and hate, is also 
reducible to this fundamental contrast of feeling. Likes and dishkes, 
with their various degrees of longing, wish, aversion, repugnance, etc , 
are forms of impulse which border very closely upon emotion,— except, 
of course, as regards the definitely directed movements to which they 
give rise. In the passions (love and bate) we have, on the other 
hand, the most intensive impulses, *>., those which find the readiest 
and most direct expression in fully determinate movements. 

2. The analysis of the elementary processes contained in impulse 
is exceedingly difficult, if only for the reason that so many different 
states are comprised under the one name. Indeed, all that can be 
taken for granted at the outset is the invariable relation of impulses 
to the affective qualities. But even this requires closer definition than 
it has yet received in the particular case. Some psychologists assert, 
that the end of the impulse in hunger is the feeling of satiety, 
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Others that it is the idea of food. We will ourselves, therefore, attempt 
first of all to discover the relation obtaining between certam ideas 
present in impulse and the organic sensations correspondmg to the 
impulsive action, intended or executed. In impulse, as iu emotion, 
both sets of processes play an important part, and the feelings attach- 
ing to each have their own special significance, (i) It is noteworthy 
that the feelings connected with the impulsive idea are ordinarily much 
more vivid, and therefore of more decisive influence upon the deter- 
mination of the general character of the impulse, than those cormected 
with the organic sensations as such. This is apparently due to the' 
fact that the impulsive movements, executed or intended, are simply 
the result of the pleasantly or unpleasantly toned idea, and can, there- 
fore, but rarely be of equal importance with it in the total impression 
(ii) Agam, we often find that the starting point of an impulse is a 
prunary feeling of pleasantness or unpleasantness in connection with a 
definite complex of sensations. The course of the impulse is then widely 
divergent fi:om the course of the emotion. Thus, the disagreeableness 
of hunger or thirst is the condition of ongm of the nutntive impulse; 
the pleasure felt in a beautiful work of art arouses the desire for its 
possession, etc. These primary feelings, which constitute the first step 
towards the origination of an impulse, do not, i.t,, bear the same 
relation to it as the feelmgs attaching to certam ideas bear to emoUon. 

3. The characteristic fiictor in impulse, apart from definite feelmgs, 
is the peculiar complex of organic sensations arising from the impulsive 
movement. No desenption of longing would be adequate, €g., which 
did not contam a reference to the sensations aroused by ideation of 
the movements necessary to attain the desired end This sensation 
complex IS the real and universal characteristic of the impulse. It is 
true that the name is often applied to other than sensory processes, 
in which no defimte ideas of movement are involved. But the apph- 
cation is either simply metaphoncal, or illustrative of a common ten- 
dency of language, — the transference of terms with an original sensible 
coimotation to abstract objects. When we speak, eg., of an ‘ethical’ 
or ‘logical impulse’, we are applymg the word, out of its right con- 
nection, to processes which, in this general formulation, contain no 
reference to bodily movement The reference is somewhat more con- 
crete m the phra^ ‘ charitable impulse ’, although here, too, the nature 
of the movements imphed is altogether indeterminate. It is, therefore, 
necessary to set a defimte limit to the use of the term ‘impulse’ in 
psychological termmology. We must refuse to regard every possible 
alteration of the existent conscious state, in any direction whatsoever, 
as due to an ‘unpulse’; or to consider every pleasantly or unpleas- 
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antlj toned idea as the necessary starting point of an ‘impulse’; or 
to speak of ‘impulse’ even in cases where we find an intention to 
act in accordance with a definite purpose expressed in abstract language. 
We can use the word ‘ impulse ‘ only where definite movements, 
dqiendent upon the will, are ideated or executed at the instance of 
affectively toned sensations. The vividness of the impulse is directly 
proportional to the clearness of these ideas of movement and the 
corresponding organic sensations. This explains the fiaquency with 
which a particularly distinct impulsive idea leads to the execution of 
the appropriate impulsive movements. An involuntary extension of 
fire arms and a forward inchnation of the body, are characteristic 
of the impulse of longing. 

4. Impulses have been classified as higher and lower, in the 
sense in which the same terms were apphed to feehng (§ 35. 1). We 
carmot accept the classification, since it makes the character of the 
whole process exclusively dependent upon the toned ideas which 
constitute the end of the unpulse, agreeable or disagreeable. Nor can 
we attach any psychological value to the more detailed discrimination 
of impulses according to their objects, which gives as many impulses 
as there are ideas capable of serving as the objects of desire or 
aversion. These contents or ends of impulse are not necessary con- 
stituents of It: in many cases they are altogether absent The imtincts 
or instinctive impulses, which are more numerous in the aniTnals than 
m man, show us in particular that impulses need not be aroused by 
any definite idea of their end. The impulse appears here before its 
purpose has been learned by individual experience. There is absolutely 
no foundation for the assumption that instincts depend upon unconscious 
ideas, transmitted by inheritance. The newly hatched chicken does 
not possess an imconsdous idea of the grains which are to satisfy its 
hunger; neither has the new-born in^t an unconsaous idea of the 
mother’s breast which is to furnish it with nourishment. We must 
rather suppose that the chicken and the infant mheiit a purposive 
motor mechanism, which under the defimte stimulation of internal or 
external bodily organs is set m action m the accustomed way, 

in the form of a pecking at the ground, or a sucking with the lips. 
The oigamc sensations coimected with the movements are present in 
these cases, but there is no defimte idea which serves as the object 
of the instinctive movements. Once more, therefore, we are led to 
the conclusion that certain feelings and organic sensations are the 
distinguishing characteristics of impulse. 

5. We have now to consider the relation of these two essential 
components to each other. We have already mentioned the current 



s 54- the expressive MOVEMENTS. 


3*9 


view that impulsive movements are intended to retain (or mtensify) 
a feeling of pleasantness or to remove (or dimmish) a feeling oi 
unpleasantness This distmction certainly holds for the objective 
observer; but it is not equally valid for the expeiiendng subject For 
the principal difference between impulsive movement and voluntary 
action is that the former constitutes a duect reaction, not initiated 
by consideration, reflection or choice, but an automatic consequence 
or expression of the given pleasantly or unpleasantly toned imfuession, 
while voluntary action imphes the conscious intention to execute 
defimte movements for defimte reasons or purposes. In the impulsive 
action proper, t.t., we know nothing of the end; we have not expressly 
inquired into the ultimate aim of the movements which we execute. 
If, therefore, the result of these movements is what it is described to 
be m the current view of the nature of impulse, at least it is not 
foreseen by the subject, but must be referred to a gradually perfected 
purposive co-ordmahon of toned sensations and movements. In the 
developed consaousness, of course, an impulsive action will often assume 
the character of a voluntary action; all that is needed is the connection 
of the idea of a definite movement (the movement to be executed 
in the given case) with the appearance of certam feelmgs. But this 
connection appears to be irrelevant for the impulse itself, which is 
wholly compo^ of the characteristic complex of orgamc sensations 
and the feelings of pleasantness and unpleasantness attaching to 
definite impressions. We carmot at present give any accurate account 
of the origm of these organic sensations. It may, however, be pomted 
out that in view of the great vane^ of possible impulsive movements, 
it would be difficult to bnng defimte muscle groups or defimte forms of 
movement into any imeqmvocal relation with the aflective quahbes, with 
effort and reluctance, or with desire and aversion. The distinction 
of attraction and repulsion is certainly based upon such differences 
of direction or form of movement; but the implied connection between 
these and pleasantness or impleasantness is simply customary, not 
universal or invariable. And there is even less justification for the 
assumption of a strict correlation of the flexors and extensors, the 
antagonistic voluntary muscles, with the two affective qualities. 

i 54. The Expressive Movements. 

1. In our discussion of the simple feelings we found that there were 
certain bodily movements beanng a characteristic relation to then 
two qualities and, therefore, useful for the experimental demonstration 
and investigation of pleasantness and unpleasantness (§ 37. i ff.). The 
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more complex affective states, — emotion, impulse, mood and pas- 
sion — are also coirelated with defimte bodily changes. But then 
visible expression is far more complicated than that of feeling, as 
might be expected from the number of elementary conscious processes 
contained in them (§ 52. 2). In expectation, e.g., we have not 
only a definite complex of organic sensations, with then attendant 
feelings, but the more or less determinate group of ideas which 
constitutes the contents or object of the emotion. The expressive 
movements are influenced, of course, by both classes of constituents. 
Thus the eavesdropper and the scout have different characteristic 
attitudes, although both alike are in a state of expectation. Similar 
phenomena recur in every emotion. It is plam, then, that the 
conditions of expressive movement may be very different in different 
cases. The forms and laws which have been discriminated hitherto 
refer almost exclusively to the expression of the ideas which constitute 
the contents or object of the emotion — not unnaturally, as this is 
much more individual in its nature and delicate m its adjustment 
than is the expression of the emotive constituents proper. No distmc- 
tion is drawn between the two in the language of everyday life. 
The blush of shame or joy and the paleness of fear or terror are 
r^rded as expressive movements on the same plane with the clench- 
ing of the fist in anger or the clappmg of the bands m pleasure. We 
shall not be far wrong in supposmg that this confusion is respon- 
sible for the diversity of psychological opinion in regard to the 
simple principles which regulate expressive movement m general. 

2. The apphcation of the method of expression (§ 35 7) to emotion 
has shown that its objective symptoms are essentially the same with 
those of feehng. In an unpleasurable emotion like fright, e.g., we find 
the two distinctive stages of the expression of unpleasantness,— a 
violent inspiration, followed by a period of weaker respiration, with 
dimmution of volume and reduced height of pulse. The pleasant and 
unpleasant emotions, i.#., manifest the same objective symptoms as 
the pleasant and unpleasant feelings. Complication arises at once, 
however, if the bodily changes imderlymg the orgamc sensations begm 
to influence the results of the method of expression. In certain 
circumstances, eg, the curve of volume in fiight is not the char- 
acteristic ‘unpleasant’ curve, but is heightened in consequence of the 
emotive ‘start,’ the general motor shock. In fear, again, the curves 
of respiration and pulse are not of the pure ‘unpleasant’ type, but 
show irregularities due to muscular tremor, the emotive ‘quivering’. In 
anger, the curve of volume is very considerably heightened, probably 
by the involuntaiy movements which have combmed with impleasant- 
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ness to detennme its course. Even m these comparatively simple 
emotions, therefore, we can trace the effect of a whole series of 
factors which co-operate with the character of the feeling to give 
individual form to the expressive movements. It caimot be said that 
these movements and the oiganic sensations connected with them 
are dependent upon the feelings as such: they occur in too great 
variety, and are too httle parallel or proportional to the original 
pleasant or unpleasant elements of the emotion. Trembling and 
shaking are characteristic of chill and shivering as well as of keen 
anxiety or fear, while the feelings in the two cases may differ very 
widely, at least in intensity. 

3. The variety of the movements expressive of defimte ideational 
contents is mexhaustible. They have h^ free play in the course of 
generic and individual development; and they are the principal source 
of one whole department of human expression,— gesture language. 
We need not here enter upon the consideration of the phenomena 
in all their comphcation : the expressive movements are primarily objects 
of external perception, and from the purely psychological standpomt 
are simply illustrations of the various types of action — volimtary, un- 
pulsive or reflex. Any voluntary action which is apprehended and 
interpreted by an obj'ective observer as a sign or symptom of an in- 
ternal state takes rank at once as an expressive movement It is 
evident, then, that the problem presented to psychology proper by 
the expressive movements is very much more restricted than the vast 
number of facts covered by the phrase might lead us to suppose. 
The psychologist is not concerned to interpret these external processes 
or to tabulate their physiological conditions, but merely to determine 
their relation to emotions, impulses, moods or passions. We have our- 
selves deaded that the essenhal constituents in the affective fusions 
are organic sensaUons and feelings We do not ascribe any con- 
siderable importance to the ideational contents which may cormect 
with these, except in cases where the feelings dependent upon them 
modify or intensify the pleasantness or unpleasantness of the primary 
state or determine the duection of an unpulsive expression. We may, 
therefore, confine ourselves to the two onginal fiictors, in our con- 
sideration of the expressive movements. 

4. Many recent psychologies share the view that emotions arise 
from the expressive movements. James, t.g., asserts that we do not 
cry because we are sorry, but are sorry because we cry. There is 
plainly so much of truth in this belief, that the organic sensations 
coimected with the expressive movements contribute very materially to 
the total emotive impression. It would be difficult to explain in any 
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Other way the extraordinary constancy of the expressive movements, 
and the emotive differences of which we have already spoken (§ 52). 
The objective emotions in particular,— the emotions of expectation, 
surprise, and wonder, in which the affective colouring is exceedingly 
weak,— must often be originated by the appropriate expressive move- 
ments. But the theory has overlooked two &cts : (a) that reproduced 
organic sensations are possible constituents of an emotion, and (^) that 
the feelings in the subjective emotions caimot, m the majonty of 
cases, be regarded as simple consequences of expressive movements, 
since the ideational contents play an important part in their determi- 
nation (§ 52. 9). The view, therefore, contains no more than a fraction 
of the truth. The emotion is ordinarily initiated, in the developed 
consaousness, by certain ideational contents in cormection with feelmgs. 

5. Darwm brings all expressive movements under three prmciples, 
in which he attempts to do justice to their origination from general 
physiological conditions and to theur development in the life histoiy 
of the race. The first principle is that of servtctabU auociattd habits. 
Certain actions which were origmalty of direct or indirect service for 
the satisfaction of defimte needs are afterwards performed altogether 
automatically, even though they have entirely lost their prunary 
significance. The second prmciple is that of antithesis If defimte 
psychical processes are habitually connected with defimte actions, there 
b a tendency for mental processes of the reverse kind to accompany 
movements of the opposite character. The third prinaple b that of 
the direct activity of the nervous system. According to it, intensive 
excitation in the nervous centres gives rise of itself to certam motor 
phenomena which we recogruse as expressive. Vahd objections have 
been urged agamst these prmdples, and especially against the second. 
They are not wholly co-extensive with the facts, and cannot be separ- 
ated with the ngour necessary for the arrangement and explanation 
of the phenomena. Fident has formulated two very general laws of 
mimetic expression, according to which expressive movements refer 
partly to ideated objects, partly to ideated sense unpressions, agreeable 
or disagreeable. Here it b obvious that exclusive attention has been 
paid to what we have termed the ideational contents in emotion or 
impulse, and its attendant feelings. Lehmaim has laid special emphasb 
upon the individual development of emotive expression. He regards 
the connection between affective process and expressive movement as 
an assodatioii. Definite motor processes are constantly cormected with 
definite ideas, and are therefore reproduced by these, directly or 
indirectly, on their subsequent occurrence. But the phenomena of 
movement differ far too widely in different emotions for thb view to 
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be tenable. It is inadequate to explain the connection of emotion and 
expressive movement even in the most general outline. And in par- 
ticular we may pause before we admit that the individual origination 
of emotive expression is so universal a &ct as Lehmann supposes. 

6. The most satisfactoiy analysis of expressive movement from the 
psychological point of view u that of Wundt He brings all types of 
emotive and impulsive expression under three rules, which must be 
regarded as co-operating with one another in the great majority of 
concrete expressive movements. The first of these rules, the principle 
of dmet change of tmutvaiton, lays it down that intensive affective 
processes are attended by a direct excitation of the motor centres. 
Here belong paling and blushing, laughing and crying, etc. The 
second rule, the principle of attoctaiton of analogoux eentahons, expresses 
the fact that sensations of similar affective tone readily connect with 
one another. In this way, movements which are characteristic of the 
reaction upon definite sensory stimuli become indicative of emotions, 
etc., which resemble these sense impressions in their affective nature. 
The ‘sour’ face and ‘bitter’ smile are familiar illustrations of the rule. 
The third, the principle of the relatton of movement to tentory ideas, 
includes gesture, etc It is exmnplified by the clenching of the fist 
in anger, the steady regard in strained expectation, etc A detailed 
discussion of these three rules would have to show their reference to 
the different constituents of emotion and impulse. Thus, the first is 
principally concerned with the direct p^chological concomitants of 
the feelings; the second serves mainly to eluadate the origin of the 
orgamc sensations ; while the third comprises all those cases in which 
the movement is dependent upon the ideational contents. 

We have at present no materials for the erection of a theory of emotion and 
impnlse. It would presuppose not only a fairly assured theory of feeling and organic 
sensation, but also some clear idea of the process of fusion itself. We will here, 
therefore, merely call attention to the Curt that the connecbons of feelings with 
other sensations must also be looked upon as instances of fusion. We cannot, 
however, say anything of their general laws, in the existing state of our knowledges 
There remains the question of the mterconnection of feelings themselves. We have 
already pomted out the difficulties which here bar the way to the simple as- 
certainment of the facts (§ 39. 7). In particular, we cannot deade with any 
degree of certainty for or against ‘mixed’ feelmgs. In our own opimon, there is 
no convincmg evidence for the existence of a simultaneity of feelings in conscious- 
ness. On the other hand, a rapid alternation of different feelings is a phenomenon 
of common occurrence, and one which appears to stand m very close relation to 
the fluctuation of attention. This is yet another indication of the importance of 
attention for the origination of the feelings. 
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Section II. Colligation. 

Chapter I. The Spatial Attributes and Relations 
OF Sensations. 

§ 55. Prefatory Remarks. 

1. The psychological investigation of the idea of space has suffered 
very considerably from a metaphjrsical prejudice, for the introduction 
of which into philosophy Descartes is chieOy responsible In the 
Cartesian system, thought and extension are the two essential char- 
acteristics of the psychical and the physical; and it seems as absurd 
to attach a spatial attribute to mental processes, as it is inconceivable 
that the physical world is the substrate of spintual experience. Spi- 
noza, it is true, regarded body and mmd simply as modi, t.t., as 
special expressions of the universal attributes of thought and extension, 
as different aspects or properties of one and the same existence. But 
the distinction of the two, whatever its limits, is again absolutely 
prohibitive of the attribution of space to mentality. Spiritualistic philo- 
sophers hke Leibniz, Herbart, and Lotze, either attempted to explain 
at least the apparent space element m the spatial idea of the seeing 
or touching subject, or refused to predicate any kind of reality or 
objectivity of space in general. It is only quite recently that psycho- 
logy has begun to free itself from this metaphysical prejudice, as 
epistemological views have been clariSed and psychological inves- 
tigation based upon empirical definitions. 

2. We can ourselves have no hesitation (cf. the position taken up 
in § l) in predicating spatial attributes of certain conscious processes. 
Psychology consists, for us, simply in the description and explanation 
of the facts of experience in their dependency upon an experiencing 
individual. And temporal or spatial definition is certainly just as 
much an attribute or relation of the fact of experience as its quality 
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or intensity. then, we can show that this temporal or spatial 
character is also definitely dependent upon the psychophysical organ- 
isation, its treatment in a worlc upon psychology becomes a matter 
of course. Now the existence of this dependency is proved by obser- 
vations of everyday occurrence. We speak of the ‘apparent mag- 
nitude’ of an object, of ‘apparent locality’ and ‘apparent movement’, 
implying that our space ideas are more or less widely divergent from 
the facts of objective space measurement Here too, t.e., we have a 
distmcbon of subjective and objective, as we had a parallelism between 
the quali^ and mtensi^ of sensation and certain attnbutes of stimulus. 

The psycholo^cal space problem must not be misunderstood. We 
are not concerned to reduce the spatial predicate to any more general 
category; we made no attempt to explain the sensible predicates of 
quality or intensity. In particular, we cannot imagme that any mate- 
rial contribution will have been made to the explanation of the ex- 
periential data by the ascription to the mind of an ongmal capaaty 
of spatial ideation. The space predicate as such is, for psychology, 
a fundamental fact, as ultimate and irreduable as the experiences of 
which It is predicated, as attribute or relation, subjective or objective. 
The sole business of psychology, therefore, is to exhibit the depend- 
ency of the various spatial factors upon the psychophysical organisation 

3. Spatial attributes are ascribed only to certain classes of sensa- 
tions, vtz., the visual and ‘tactual’, — the latter term embracing both 
cutaneous sensations proper and the articular sensaUons set up in the 
motile parts of the body. Spatial relations, on the other hand, are 
predicable of all sensations alike, since all alike are locahsable. The 
localisation of unspatial contents, however, is mediate only : it consists 
in a reproduction of originally spatial sensations, of movements indi- 
cative of the place of origin of the given contents, or of judgments 
directly expressive of their local determination. Localisation in this 
sense is plainly altogether different firom the bcalisation of an origin- 
ally spatial process, and we may, therefore, speak of it as a ‘transferred’ 
spatial relation. A spatial relation s$mu ttncto can obtam only between 
contents possessed of the true spatial attnbute. It seems best, how- 
ever, despite this essential difference between the two kmds of local- 
isation, to discuss the transferred here in connection with the direct, 
and not to deal with it separately as a special form of association or 
reproduction of ideas, — the rubric under which its general psychologi- 
cal significance would lead us to place it We shall, therefore, treat 
in this chapter (a) of the space of tactual jierception, (b) of the space 
of visual perception, and lastly (r) of transferred localisation with 
eqiecial reference to auditoiy impressions. 
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4. There is, of course, a very great variety of possible spatial do* 
finitions. If our treatment is to be complete and systematic, we must 
endeavour to reduce them to certain fundamental forms. To this 
end we begin with the distinction between spatial attnbutes and 
spatial rtlttttons, the former attaching to a perceived content as such, 
the latter to the content only as related to other contents. Form 01 
figure is the general term comprehending all the spatial characters that 
can be attnbntively predicated of an impression; positton or locality 
IS a similar term embracing all the spatial relations in which a con- 
tent stands to other contents. Both determinations may be further 
analysed, — position into elementaiy relations, as a sum of distances; 
and figure into spatial elements, as a sum of extensions. To them 
must be added a more complex spatial determination, which also 
contains a temporal reference— movement. We understand by move- 
ment any continuous alteration of a spatial attribute or relation. 
Extension, then, is the elementary phenomenon in all spatial attributes; 
distance the elementary factor in all spatial relations. Spatially con- 
sidered, of course, the two are but one; but they require special 
psychological investigation m cases where their apprehension or esti- 
mation is governed by different laws. We have already mentioned 
extension as one of the attributes of sensation (§ 4. 2); distance, as 
reduced to it, is the extension of the contents intervening between 
two given impressions. The magnitude of a figure is simply a quan- 
titative determination of extension; and we speak in precisely the 
same way of the magnitude of a distance. Direction is, again, only 
a special form of extension or distance, indicative of the spatial inter- 
relations of certain given extensions or distances. 

5. Unfortunately, we have no systematic investigation of spatial 
attributes and relations on the lines here laid down. Philosophic 
prejudice on the one hand, and the limitation of special problems on 
the other, have prevented any thorough examination of the space 
idea. Hence there are certain factors which have hardly received 
any direct attention, while theories have been propounded which are 
valid only for one quite definite aspect or characteristic of the whole 
process. In particular, (i) the psychology of space, like the psycho- 
logy of time {§§ 63 ff), has suffered from the assumption that space 
must be r^;arded as something absolute and self-existent, given more 
or less independently of all the specific contents of perception. There 
can be no doubt that this view has been furthered by the notion of 
‘empty’ space as employed in the natural sciences. From the psy- 
chological standpoint it is altogether erroneous. Again, (li) the possi- 
bility of the intercomparison of the spatial characters of perceptions. 
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independentiy of their other attributes, has also in all probability 
helped to give the space idea an exceptional place among the contents 
of consciousness. It explains the tendency of psychologists to see the 
real object of investigation into the pB3rdiology of space, not in the 
spatial attributes, but in the spatial relations. This independent ‘space’ 
seems to be given in its purest form in distance, locahty, etc. It also 
accounts for the definition of movement as change simply of locality. 
— The result has been an almost total neglect of the perception of 
extension and figure and almost exclusive regard of the perception of 
distance and position. This is the more regrettable as the former 
process is psychologically very much the more sunple. The space 
character is always given with particular perception contents; there is 
no independent space content, which can be discriminated firom other 
qualitatively determinate impressions. ‘Empty’ space is the spatial 
character of certam contents not defined. And as the other attributes 
of a content are of determining influence upon its spatial qualities 
{§ 5^- 3i § 59' simplest material for the investigation of 

the space idea is furnished by the extension or figure of a quite defi* 
mte content. (111) Lastly, the expressions ‘sense of space’ and ‘sense 
of locality,’ which have recently become current in physiology, betray 
a wholly inadequate realisation of the requirements of theory. The 
‘sense of space’ is measured by the least noticeable distance between 
two impressions; the ‘sense of locality’ by the accuracy of localisation. 
Not only is the word ‘sense’ apphed here in a very exceptionable 
meaning (§ 4. 10), but the spatial relations are given an unjustifiable 
preference over the spatial attributes. 

§ 56 . The Space of Tactual Perception 
I. The Spatial Functions of the Cutaneous Sensations. 

I. The spatial estimation of an object brought into contact with 
the skin is mediated both by pressure sensations and by temperature 
sensations. We attribute a certam extension and figure to an impres- 
sion of heat or cold, just as we do to an impression of smooth or 
rough, to a pressure sensed as such. No thorough investigation, 
however, has as yet been made (cf. § 55. 5) into the cutaneous 
apprehension of extension and figure, although the experimental exam- 
ination of the ‘sense of space’ or ‘sense of locality’ has been taken 
up again and again since the time of E.H. Weber. It is especially 
curious that no attention has been paid to the extension factor, as 
the method employed in these researches necessarily presupposes a 
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definite view as to the extension of the cutaneous pressure or tem- 
perature sensations. The method consists in the determination of the 
distance between two points of cutaneous contact at which the two 
impressions are still just apprehensible as two. (i) Now first of all 
there is involved here the purely logical assumption that a just notice- 
able duality of cutaneous sensations is eqmvalent to a just noticeable 
distance between them: But duahty and distance are essentially 
different concepts, and the possibihty of their identification requires 
gjpedal psychological proof' (cf | j: i 5 O') Nor is this all. To 
explain the great diversity of experimental results obtamed &om dif- 
ferent portions of the skin, recourse is had to the hypothesis of 
‘sensation circles’ varying in magnitude, but alike m the peculiarity 
that any two points lying within a single circle are sensed only as 
one. The explanabon plamly contains a reference to the psychologi- 
cal extension which we predicate of cutaneous stimulation. From 
this pomt of view also, then, investigation of extension seems 

e s-wntial . 

2. We can say but little of the perception of figure as mediated 
by cutaneous sensations. It has been found that if objectively parallel 
lines are drawn with the ‘dividers’ (an instrument which gives all 
gradations of distance within certain limits between two metal pomts) 
fixim the elbow to the wrist, they appear gradually to diverge from 
one another in sensation We imagine, ie., that the impressions are 
divergent and not parallel. A similar phenomenon is observed if the 
two lines are drawn fi:om lobe to lobe of the ears, across the face. 
The lines appear to diverge towards the median line of the face, and 
to attain their widest separation in the region of the lips Again, 
experiments have been made upon the sensible discnmination for the 
magnitude of circular surfaces, by the determination of the just 
noticeable difference of diameter of two objects applied to the skin 
It was found that at the tip of the tongue, two circular surfaces 
were judged to be just different whose diameters were no more than 
0.5 and 1 mm. , while on the back the two just discriminable surfiices 
had diameters of 2 and 25 mm. reflectively. Where sight is normal, 
the ability to cognise figures by aid of the cutaneous sensations is 
present in very slight degree. In most cases, judgment stops short 
at the fact of difference, and nothing can be said of its character 
The capacity is much more highly developed in the blind, who read 
without hesitation finm an alphabet in which the number and anange- 

I Onr mpicionf of the vahdity of Weber’i asnunpfaon become itUl itroager if we 
tnnilate it into retinal tenni, and think what it wpnld mean tor pomta on eiUier aide 
pf tile bUnd apo^ 
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ment of raised points upon the paper constitutes the sole ground of 
distinction between the letters. Lastly, the importance of temperature 
sensations for the perception of figure is shown by the observation 
that cold surfaces appear larger than warm surfaces of the same 
objective extension (cf. § 24. 3; § 5t. 4). 

3 In all these cases, spatial perception is seen to be principally 
dependent upon the locality of the stimulated area The same 
dependency has been noticed in the numerous investigations made 
into the just noticeable duahty of sensations We will only mention the 
results recently obtained by Goldscheider on the basis of a discrimi- 
nation of pressure spots, cold spots and warm spots. The values are 
considerably smaller than those found by Weber and other previous 
investigators. This is mainly due to the greater sensitivity of the 
cutaneous ‘spots’ (cf. §§ 10, ii). In deference to current usage — 
which, however, is not strictly correct — we may term the least 
distance between two points brought into contact with the skin, at 
which their separate sensation is still just possible, the tpace Itmtn 
The space hmens determined by Goldscheider for pressure spots were 
0.3 mm. upon the back of the hand, 05 mm upon the forehead, 
0.8 mm upon the chest, and 4 o mm. upon the back. The values for 
cold spots, in the same cutaneous areas, were 20, 0.8, 20 and 
r 5 mm , for warm spots, 3, 4, 4 and 4 mm All these observations 
(with the exception of the various hmens upon the back) agree in 
ascribing the greatest discriminative power to the pressure spots and 
the least to the warm spots The result is borne out by the fact 
that an exploration of the skin with adequate stimuli shows the 
pressure spots to be most numerous, and the warm spots of least 
frequent occurrence. Previous expenments indicate that the tip of 
the tongue has the smallest space limen. Another phenomenon 
which belongs here is that of the dependency of the space limen 
upon the motihty of the stimulated cutaneous area. This was made 
the subject of an elaborate experimental investigation by Vierordt 
and his pupils. The space limen was found to decrease continuously, 
eg., from the shoulder to the bps of the fingers. Vierordt has laid 
it down as a general rule, on the basis of his experiments, that the 
space limen at any point in the length of a limb is inversely 
proportional to the distance of the stimulated part finm the axis of 
rotation of the limb. 

4. The intensity of the impressions is also of influence upon the 
space limen Up to a certain stimulus mtensity the facility of separate 
cognition increases; beyond this intensity it decreases. A certain 
mean d^ee of intensi^ is, therefor^ the most favourable condition 
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for the investigation of the space limen. But as the intensive sensi- 
bility varies very greatly with the locality of the stimulated area 
(§ 24- 3), only those space hmens are comparable which are obtained 
with the same subjective intensity of pressure. The experiments 
made hitherto are extremely defective in this regard; neither the 
objective nor the subjective intensity of the impressions has been 
kept uniformly constant. Distraction of the attention has the same 
effect as diminution of intensity, increases the stimulus limen. 
The influence of practice, too, is very marked. This is the principal 
reason why the space hmen of the bhnd is noticeably smaller than 
the space limen where vision is normal. If the two points brought 
into contact with the skin are set down not simultaneously but succes- 
sively, or differ in their relative intensity, judgment is rendered very 
uncertain,— as is not surprising, when we consider that simultaneity 
and equal intensity are presuppositions of the vahdity of the method 

Another method has been employed for the determination of the 
delicacy of localisation of impressions brought mto contact with the 
skin. A simple stimulus is applied, and the subject indicates the 
place of stimulation with a pencil; the magnitude of the average 
error is looked upon as inversely proportional to the delicacy of 
localisation. A series of different degrees is thus obtained, which 
runs precisely parallel to the series of space Umens No systematic 
observations have as yet been made upon the cutaneous estimation 
of movement of the stimulus object One fact however, may be 
mentioned, that a pomt moved at a umform rate along the resting 
arm seems to travel more quickly where the space limen is smaller. 

5. The space limen has usually been obtained by the procedure 
of stimulus determination (methods of minimal changes and right and 
wrong cases) Recently, however, application has been made of the 
procedure of stimulus comparison, which undoubtedly gives more 
unequivocal results in the sphere of spatial estimation Several of the 
observations made in this way are of especial mterest, as throwing light 
upon the value of the space limen for the investigation of tactual space 
perception, (i) The first result of importance in this connection is the 
following. When two cutaneous distances are made subjectively equal 
to each other, the objective distances between the limiting points 
approach the ratio i : i when these points are set at all widely 
apart This is clear evidence that the space limen is not adequate 
to inform us of the real value of a just noticeable distance. The 
longer the distances compared, the fewer will be the disturbmg influences 
to which spatial estimation as such is exposed, (ii) Another result of 
importance is a seeming paradox. We should eiqiect, on mathematica] 
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grounds, that if two distances were made apparently equal to a third, 
they would appear equal to one another. But this is by no means the 
case. The fact, again, may be conjecturally referred to certam organic 
conditions of spatial estimation of the kmd which prejudice the 
determination of the space limen. The first problem to be attacked 
m the future, therefore, is the problem of extension, which must be 
directly examined, with particular and constant reference to intensity, 
duration of stunulation, and other circumstances. 


II. The Spatial Functions of the Articular Sensibility. 


6. The articular sensibility appears to be be principally concerned 
(a) in the non-visual perception of movements. It mediates the 
judgment of the change of posibon of the moved limb. But (fi) the 
position of a lunb is also cognised by the articular sensations ; and it 
has accordingly been proposed to term them ‘sensations of position’ 
(§ 23. 6)- (r) movement affords a fairly accurate measure 

of space magmtudes, ««., of extension or distance. The articular 
sensibility is thus seen to have an equal range of spatial fimction with 
the cutaneous. No systematic investigation along all three hnes has 
as yet been carried out (cf § 56. i), although a large number of 
special researches, bearing upon the general question of this Section, 
have quite recently appeared. There is plainly only one practicable 
method for the determination of the spatial functions of the articular 
sensibility : correlation of the angle through which the joint is rotated with 
the magmtude of the distance traversed in consequence by the moved 
limb. We do not measure the excursion of a pendulum by chords and 
tangents. And since the movements of a limb may be regarded as 
at least approximately circular, they too should be measured by tho 
angle or arc desenbed from the given point of rest. Only in this 
way can we obtain any unequivocal information with regard to the 
chief factor in the lesultiint judgment, — the articular sensibihty. It 
has been usual, hitherto, where the distances traversed have been at 
all long, to employ a rectihneally moving car, which travels along a 
rail without noticeable friction; or to allow the arm fiee movement, 
but to measure the curves desenbed in rectilmeal projection. In the 
former case, however, the result is so ambiguous that the part played 
by the various articular surfaces cannot be made out with any degree 
of accuracy; while in the latter it is erroneously calculated. The 
laws which have been established in this way have accordmgly a 
merely provisional importance. 



34* 


DOCTRINE OP COMPOUNDS: COUJGATION. 


7. Goldscheider has detennined the just noticeable movements of 
different limbs, and expressed the results in angular magnitudes. He 
investigated both passive and active movement. The movement limen 
(if we may employ the expression for brevitjr’s sake) was mvanably 
larger with passive than with active. There seem to be two reasons 
for this fact (1) Active movement, initiated by the will of the subject, 
necessarily mvolves the procedure with knowledge; passive movement 
implies the procedure without knowledge. And sensitivity and sensible 
discrimination are as a general rule (§ 5. 6) somewhat greater m 
the former case than in the latter. But (u) the pressure upon the 
articular surfaces is more intensive m acbve movement This will 
influence the result, since in articular as in cutaneous sensabon an increase 
of intensity serves withm certain limits to increase the accuracy of the 
spatial judgment. — Another interesting pomt is that the larger jomts have, 
upon the whole, a smaller movement limen than the smaller. Thus 
the shoulder is more discnmmative than the elbow, the hip noticeably 
more discriminative than the ankle, etc. The values obtamed vaned 
between the limits 0.3® and 3 o® — Again, the rapidity of movement 
had a marked effect upon its noticeability. Other things equal, the 
movement lunen decreased as the rapidity of movement increased. 
On the other hand, the cogmtion of movement proved to be independent 
both of Its direction and of the sensibility of the moved limb; 

it was urelevant for the estimation of a movement of the shoulder 
whether (or how) the arm was extended or flexed, and whether its 
sensations of pressure and stram were normal or abnormal Movement, 
therefore, or at least the determination of the movement lunen, must 
be regarded as exclusively dependent upon the articular sensibility 
(cf. § 22 ). In one respect, however, a certam amount of mfluence 
seems attributable to the tendinous stram sensation. The mdication 
which it gives of the weight of the moved limb facilitates the judgment 
of movement duection when the movement is actively executed. 

8. Numerous investigaUons have been made (cf 6 above) into the 
conditions of the comparison of movements of some length with one 
another. But their results have no claim to finali^, owing to the 
defects of the methods employed. Thus it has been found that 
the d^ee of contraction of the stimulated muscles exercises a de- 
termmmg influence upon the estimation of movement; but the state- 
ment IS, in all probabibty, to be ascnbed to an erroneous evaluation 
of experimental results. Agam, we cannot say at present whether the 
absolute or relative sensible discrimination is constant for all move- 
ments, or wdiether some other uniformity obtains, since the various 
jomts have not yet been subjected to mvestigation by methods which 
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lead to unequivocal conclusions. Preliminaiy experiments upon arm 
movement (rotation in the shoulder joint, the arm being fully extended, 
and the body kept as steadily as possible in one position) appear to 
show that the absolute sensible discnmmation b approximately con- 
stant. Once more, it is still an open question whether the overestima- 
tion of small movements and underestimation of large is a constimt 
error, to which the judgment of space magnitudes is invariably sub- 
ject, or whether the phenomenon, where it occurs, is not simply the 
consequence of rapidity of movement, ijt., a phenomenon of temporal 
estimation as well. There can be no doubtof the &ct that the duration and 
rapidity of a movement influence our estimation of its magmtude. As a 
general rule, the apparent magmtude of a distance is proportional to the 
length of tune required for movement across it It should be noted, how- 
ever, that our judgment of the extent of arm movement is not based 
(in the author’s observation) upon the temporal relations of the move- 
ment, but upon the reproduced visual image of the space passed 
through, and more especially of the extreme positions of the moved 
arm. No direct comparison of the rapidity of movements has as 
yet been instituted ; and a recently published mquiry into their dura- 
tion followed so crude a method that its results need not be discussed 
here We will conclude this survey of the spatial functions of the 
articular sensibility with a reference to two points of mterest; that 
jnovements are ordinarily more accurately estimated by the blmd 
than by subjects whose vision is normal, and that the spatial discri- 
mination of the articular sensibility (as of the cutaneous) is somewhat 
greater in children than m adults. 


{ 57. Theory of Tactual Space Perception. 

I. We have already defined the scop>e and meaning of a theory 
of spatial ideation (§ 55. 2) All that psychology can do is to elucidate 
the subjective conditions of space perception; it is not concerned to 
explam space perception as such. If we ask what these conditions 
are, we see that different answers are possible, (i) Where vision is 
normal, the tactual space perception will ordmarily consist in a 
visual idea of the cutaneous area touched, of the movements of the 
limbs, etc. (ii) But a judgment may also be formulated directly at 
the mstence of the touch sensations themselves, which must accord- 
ingly (as some one has put it) be ‘quasi-spatial'. This order of 
space perception is best illustrated in congemtal blindness, (lii) And 
thirdly and lastly, the locality of an impression, the position of a 
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limb, stc., can be indicated by ‘localising’ movements. Hitherto, no 
sharp hne of division has been drawn between these different modes 
in which the spatial peculiarities Qf the sense of touch may find 
expression, although their discrimination is necessary in the interests 
of p^chological analysis and theoretic explanation. In particular, 
we are still in ignorance as to which of the three forms of spatial 
apprehension is the most accurate, and therefore possibly the most 
original in its application to the tactual data. The common element 
in all of them is the unequivocal relation in which the tactual sen- 
sations must be conceived to stand to visual ideas, direct judgments 
or movements. The first problem presented by the facts of tactual 
space perception is accordingly that of the origin of this unequivocal 
relation, — how it has arisen that a touch upon the back of the hand, 
when the eyes are closed, exates just the visual idea of this part of 
the skin and no other, just the particular name of this cutaneous 
area, or just the special movement of the other hand to the stimu- 
lated surface. 

2. The first noteworthy attempt at a resolution of this problem is 
Lotze’s theory of total ngns. Its metaphysical ongm need not delay 
us here, more particularly as we may neglect this without prejudice to 
the psychological constituents of the hypothesis Lotze sets out to 
explain the inexchangeableness of impressions, i,e , the fact that every 
impression is invariably referred to a defimte locality. This reference 
would not be possible unless they somehow varied with their place of 
exatation. If the sensations from the skin of the hand, t.e., were 
wholly similar to the sensations firom the skm of the back, it is not 
conceivable that the mind could acquire the ability to localise each 
group correctly. Lotze accordingly ascnbes to the locally distmct or 
distinguishable cutaneous impressions a specific qualitative colounng or 
shading which he expresses by the phrase ‘local signature’. The local 
sign combmes with the cutaneous impression dependent upon the 
quality of stimulus {t.e., pressure or temperatme) in the fonn of an 
association, m which neither constituent modifies the peculiar character 
of the other. Lotze gives us some idea of what he regards as the 
nature of the local signatme by pointing out that the skin is very 
different in structure at different parts of the body, — now covered by 
a thick, and now by a delicate epidermis; now tightly stretched by 
its attachment to the bones, now dasbc and displaceable within wide 
lunits ; now spread over a cushion of &t, now passing over bone or 
muscle or hollow space. Moreover, in some parts of the body the 
structural differences pass into one another by slow degrees, in 
others quite abruptly. It is plain that all these conditions can influ- 
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ence only the intensity of the impression The system of local signs 
would consequently consist sunply m varying degrees of intensity, 
demonstrable for the same stimulus over different regions of the skm. 
But It is also possible to mterpret local signature as a qualitative 
colouring, and this view is actually represented by certam p^chologisls, 
t.g., by Wundt. 

3. The tliought upon which this whole theory is based is that the 
distinguishing charactensbcs which mediate the localisabon of impres- 
sions must all be of a consdota nature. And here we see the influence 
of metaphysical prepossession. It was difficult to conceive that the 
unequivocal relabon obtaimng between tactual impressions and visual 
ideas, or other factors subserving localisation, could have arisen without 
consaous direction, by way (perhaps) of purely physiological connection. 
But there is no justificabon for the assumption of these conscious 
intermediaries m the facts of consciousness itself. (1) It has been 
found that a longer time is required for the discnminabon of intensity 
than for the discrimination of locahty (cf. § 71. 2). This is in itself 
sufficient evidence that the first cannot be the basis of the second 
(11) Moreover, we are able to graduate the intensities of two pressure 
stimuli at different parts of the skin until the impressions appear to be 
equally intensive. But provided that the absolute intensity of the 
sensations interposes no difficulty, the discrunmation of locahty is not 
affected in the least, (m) And agam, one of the most prompt and 
certain forms of localisation under normal conditions is reference to 
the nght or left side of the body. Now if we take two entirely 
symmetrical areas, , the back of the nght and the left hand, we 
have veiy great similanty of anatonucal conditions On Lotze’s view, 
therefore, the discrimination of locahty should here be very difficult, if 
not altogether impossible From all these reasons we must conclude 
that the theory of local signature, at least m the special form in which 
Lotze has applied it to the sense of touch, is untenable. But neither 
does there seem any eidequate ground for the assumption of a quali- 
tabve colounng, varying with the particular locally distinguishable 
cutaneous impressions. The hypothesis posits a very large number of 
discriminabie quahbes, of which we find no suffiaent evidence in 
consaousness (cf. § 10. 4). 

4. At all events, the connection of tactual impressions with localis- 
ing movements is possible without any participation of consaousness. 
The decapitated frog which is touched with acetic acid at some point 
of Its body, brings the one or the other leg to the stimulated part with 
great accuracy of movement. In sleep, too, we brush aside unpleasant 
cutaneous Impressions without knowing anything of our action. It is 
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an obvious conjecture, then, that the real basis of tactual localisation is 
to be looked for in the movement sensations aroused in us by these 
localising touches of stimulated regions. And the view is represented 
by Bain and others. Even where movements are not directly executed, 
we are supposed on the hypothesis to notice the impulses to move- 
ment, and to argue from their character to the locality of stimulation. 
But there are three objections to the theory, (i) In the first place. 
It 18 altogether unable to exp lain cases of wholly imconsaous and reflex 
motor localisation, (u) Moreover, it really does no more than push 
the entire problem one step further back, since the other question 
at once arises how the movement sensations have acquured this un- 
equivocal relation to visual ideas or judgments, (lii) And lastly, the 
original problem remams unsolved. For the uneqmvocal relation 
obtainmg between cutaneous impressions and localising movements 
still requires special explanation, the hypothetical ascnption of 
some kmd of specific character to the former. Nothing is left, there- 
fore, but to transfer the local signs to the sphere of anatomy or 
physiology. We must then demand either a special anatomical 
connecUon, or a physiological connection perfected by practice, 
m virtue of which locally determinate cutaneous stimulations give 
rise to wholly determinate movements or visual ideas or judg- 
ments. 

5. The most ongmal of these locahsmg factors is, in all probability, 
the movement towards the stimulated part. For there can be no doubt 
that the connection between visual ideas or direct judgments and the 
diflerent cutaneous impressions takes shape in the course of the indi- 
vidual development, while certam localising movements are almost 
certainly inhented. Moreover, we may suppose that the connection 
of visual ideas (under normal conditions of vision) with cutaneous 
stimulations is not only earlier than the formation of an immediate 
space judgment, but is also, as a general rule, more accurate in its 
indication of the locality of the impression Hence it would follow 
that the direct space judgments,— the accurate employment of which 
presupposes, of course, the further acquisition of a system of special 
symbols, — were originally developed under the influence of the other 
two instruments of localisation, sight and movement, and are even 
now to some extent dependent upon them. We may, accordingly, 
confine our present mvestigation into the conditions of localisation to 
the discussion of visual ideas and localismg movements. The ques- 
tion then arises, whether the local signs (we use the term ‘ local sign 
in its most general significance as the equivalent of ‘condition of 
localisation’) are to be conceived of as anatomical or physiological in 
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origin, (i) An anatomical connection of peripheral and central con- 
ducdons is wholly improbable in the case of the visual ideas. The 
connection is built up gradually, in the form of an association. It is, 
therefore, impossible to believe that certain central cells, which are 
excited by cutaneous stimuli, are given a priori in an isolated anatom- 
ical connection with certain other central cells, whose excitations are 
the substrate of visual ideas. Nor is there any likelihood of an origi- 
nal anatomical coimection between cutaneous stimulations and localis- 
ing movements. For the transference of an excitataon from the sensory 
to the motor centres of the spinal cord may be very differently medi- 
ated, and take veiy different directions, (u) We are thus forced to the 
conclusion that local signature has been physiologically originated. 
There then arises the further question, whether the uneqmvocalness 
of the local sign is determmed by the nature of the excitation as 
central or as peripheral We may answer it by a reference to the 
phenomena of localisation in cases of transplantation of fragments of 
the skin. If a piece of the skin of the forehead is used to cover the 
nose, €.g., a touch upon the transplanted area calls up the idea of a 
touch upon the original locahty, and is consequently referred to the 
forehead, for a considerable tune after the performance of the opera- 
tion We can mterpret this fact only by making the penpheral ner- 
vous termmations in the skm of determimng unportance for localisation 
Further evidence to the same effect is afforded by the gradual correc- 
tion of the erroneous localisation, which comes with practice under 
the changed conditions. We conclude, then, that the local signs 
must be regarded as physiological peculianties of penpheral exatation 
6. The spatial functions of the articular sensibility must be 
explained in the same way, by the hypothesis of a local sig- 
nature in the form of physiological peculianties of the penpheral 
sensory excitations. But before we apply this principle in detail, we 
must attempt to analyse a phenomenon of the articular sensibility 
which has aroused the behef that there are specific ‘movement sen- 
sations’ in addition to the ‘sensations of position’ noticed above 
(§ 23. 6; § 56. 6). It has been found that the judgment of ‘move- 
ment’ may be formed, before there is any knowledge of the direction 
which the movement takes, 01 of the positions assumed by the moved 
limb between its limitmg points. An exactly similar phenomenon 
occurs with movement of the eyes in the darkened field of vision, 
and agam, when an external object moves rapidly for a short distance 
over the skin or in the field of vision. The question is, then, 
whether we must assume the existence of ‘movement sensations’ of 
a specific kind. Now the fact that the same result can be produced 



348 


DOCTRINE OP COMPOUNDS: COLLIGATION. 


in 80 manj different ways is a sufficient indication that it is not due 
to definite sensory conditions, but is a phenomenon of more general 
psychological significance. And, indeed, we find it re-appeanng 
in various other sensory judgments. Thus in the discnmination 
of sensation differences, there is a certain lower limit of objective 
difference, at which we can say that a difference exists, but have no 
idea of its special nature. Hence, if we assume movement sensations 
in the one case, we should assume a specific ‘difference sensation’ 
in the other. But neither assumption is vahd The real explanation 
of the facts lies in the character of the relation obtaining between 
the direct and induect sensitivity and sensible discrimination (cf § 4). 
In other words, not every sensation or sensation difference finds 
adequate expression in a j'udgment, but the formation of the judgment 
IS subject to special conditions. These conditions come under the 
general rubnc of association. The most unportant of them is 
expressed in the law that general or abstract names are more easily 
reproduced than concrete (§ 27. 5, 6) The judgment of ‘movement’ 
is certainly of more general significance than the judgment of ‘move- 
ment in a definite direction’ and ‘of definite extent and duration’. 
Hence a movement of slight extent and high rapidity will reproduce 
the more general judgment, though it is unable to call up a more 
special definition There remains the other point, — that the vanous 
positions of the moved hmb are not separately remarked. This 
phenomenon, again, has many analogies: we are unable to dis- 
criminate the vanous degrees of intensity m the rise of a tone, in 
the growing bnlliance of an illummation, and in an mcreasing pressure 
upon the skin. And we have seen that the estimation of any sensory 
impression requires a certain amount of time. Here again, then, is a 
phenomenon of general occurrence, referable to the fact that not 
every attribute or alteration of a sensation is expressible in a particular 
judgment When it appears in connection with continuous change 
of intensity or quality, however, we do not at once set up a special 
class of sensations (sensations of rise and fall, e.g.) So here, we 
need not assume a specific ‘movement sensation ’ in contradistinction 
to ‘sensations of position’. 

7. We may now pass to the consideration of the special form 
assumed by the local sign theory in its application to the facts of 
cutaneous and articulm sensibility (§ 56). The delimitation of the 
local signature at different parts of the skin has been suggested, in 
particular, by the experiments on the space hmen. The first theory 
to mention in this coimection is Weber’s hypothesis of stntation 
ttrelu (§ 56. 1). It is based upon the valid assumption that a just 
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noticeable separateness of sensations is indicative of the relative 
dimensions of the area covered by stimuli at different parts of the 
skin. The sensation circle is simply an area of this kind, charac- 
terised by the mdistinguishability of two stimuli which hill within its 
borders. Weber accordingly looks upon the skin as a mosaic of 
sensation circles, which differ in form and magnitude from part to part 
of its surface. Sensations ongmated in neighbouring circles differ very 
slightly ; and their difference mcreases, up to a certam limit, with the 
number of separate sensation arcles mcluded between the two points 
of contact. The perception of an mterval between these points re- 
quires the intervention of several unstimulated sensation circles A 
vague recollection of their number arouses in the mind the idea of 
an interval, and this interval increases subjectively with the number 
of unstimulated circles. The specific sensitivity of the circles, finally, 
is due to differences in the distribution of sensory nerve trunks, 
whose peripheral radiations do not mediate spatially discrimmable 
sensations. 

Weber’s theory, however, carmot be reconciled with Goldscheider’s 
observation that a space limen is obtainable from two neighbouring 
pressure spots; for in this case it is impossible to suppose that a 
certain number of unstimulated sensation circles intervene between 
the just noticeably separate stimuli. Goldscheider accordingly substi- 
tutes for the sensation circles a system of radially disposed nervous 
terminations. 

8 In one respect, however, Weber’s whole idea needs revision— 
as regards the psychological relation between the just noticeable sep- 
arateness of two points in contact with the skin, and the distance 
contained between them. The coimection between separateness and 
distance can be interpreted only in one of two ways. Either we 
must assume (and this is the more obvious supposition) that tlie im- 
pression has a very different extension at different parts of the skm, 
so that the least noticeable distance always remains constant, and 
wears so different an appearance in objective measurement simply 
because the extension of the separate stimuli is very different m 
sensation: or we must imagine that the estimation of the spatial sig- 
nificance of different stimuh is essentially different in different places, 
so that, €.g., a given distance upon the back has a quite different 
significance from the same distance upon the forehead. In the former 
case, the difference of the space limen would be attributable to 
the different subjective extension of the stimuli; whereas in the 
second case, the difference would be reducible merely to a relative 
overestimation or underestimation of the stimulus distance. We can 
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hardly decide in favour of either view, until investigations have been 
made into the perception of extension. In all probability, however, 
both processes are concerned in the production of the observed 
result. The second explanation in particular finds distinct support in 
the fact that the subjective differences of extension with simple con- 
tact are not so large as we should expect them to be, if the first 
alone were cogent. 

Still less can be said at present of the local signature of the artic- 
ular sensibility. There is a certain connection between the number 
of cutaneous nerves within a given area and the delicacy of spatial 
discrimination. But nothing is known of a similar topographical 
distribution of sensory nerves over the articular surfaces, although the 
differences in sensitivity for extent of movement m the different joints 
seem to suggest it 

9. The space perception of the congenitally blind is almost exclu- 
sively mediated by the functions of the cutaneous and articular 
sensibilities, — apart, of course, from the very accurate localisation of 
auditory impressions. We cannot hesitate to identify the spatial 
attributes of cutaneous sensations, at least in pnnaple, with those of 
vision Extension is a common property of these two senses, just as 
duration or succession is a common predicate of sense unpressions in 
general. We must believe, therefore, that congenital blindness is com- 
patible with a real space perception. We have already remarked 
madentally that the spatial functions of ddn and jomt are ordinarily 
more delicate in the blind than where vision is normal (§ 56. 2, 4, 8). 
The fact is probably referable simply to the greater share of the atten- 
tion, and to the more constant practice which the sense of touch 
receives in bhndness. But there is no evidence that the tactual space 
perception of the blind furnishes them with any new quality of sen- 
sation Thus the ‘feeling of distance’, which often reaches a high 
degree of development, seems to depend entirely upon changes of 
pressure or temperature noticed by the peculiarly sensitive skin of the 
face as an object is approached. The space idea in normal vision is 
far richer in qualitative variety, far more comprehensive at each 
moment, and far more differentiated (owing to the greater refinement 
of the retina as an oigan of space perception) than that of the blind 
Hence we can understand that a congenitally blind patient, restored 
to sight by operation, accustoms himself slowly and with difficulty to 
the new world of visual space into which he is suddenly introduced 
But his inability to name objects presented to him does not justify 
the conclusion that he has at first no visual space perception at all. 
The colligation of the familiar name with the absolutely new conscious 
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contents mnst be learned, as it had to be learned originally in tactual 
space perception. 

10. Observations of the results of operation for congenital blindness 
are not adequate, then, — as has often been supposed, — to the settlement 
of a theoretical controversy, the controversy of emptrism and naiivum. 
The nativistic theory of space assumes that certain constituents of 
space perception are connate or given a priori. The empiristic theory 
declares, on the other hand, that the whole system of space perception 
IS a product of gradual development It is evident that the distinction 
becomes psychologically important only when an originally ‘spatial’ is 
opposed to an originally ‘unspatial’; when, i.*,, the theones take the 
form (i) that certain spatial attributes attach to the very first visual or 
tactual idea which appears m consciousness, and (11) that spatial attrib- 
utes do not primarily attach to these ideas at all. A strict empinsm 
in this latter sense seems tenable only as connected with some meta- 
physical view of the mmd Psychologically, it is imposible for us to 
conceive of a visual or cutaneous sensation wholly deprived of spatial 
character It is sometimes urged that the auditory nerve might also 
have a spatial function, since its separate fibres are capable of isolated 
conduction. The objection overlooks the fact that a simple correspond- 
ence between the points in space and particular sensory terminations 
obtams only for skin and retina. Only the sensations excited in these 
two organs, i.«., can be accredited with direct spatial attributes. The 
correspondence is not the same even for the articular sensibility, where 
it subserves the development of the idea of position or movement 
An unequivocal coimection between the local signs of articular impres- 
sions and the movements of the limbs is the presupposition of the 
great importance which they come to possess for certain space ideas 
The controversy between nativism and empinsm would seem, therefore, 
to be based upon misunderstanding 

§ 58. The External Conditions of Visual Space Perception. 

I. The external conditions of tactual space perception are compara- 
tively simple and readily distmguishable. Those of visual space 
perception, on the other hand, are extremely complicated, and we 
must consequently devote a Section to the considerabon of the difierent 
factors which the qiatial judgment involves. The spatial functions of 
monocular vision are diflTerent from those of binocular, and those of 
the resting eye from those of the moving. Moreover, the retinal 
image which corresponds to an object in external space is dependent 
upon the refraction, constant or variable, of the rays of light in their 
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path through the eye. We will, therefore, begin with a brief sununaiy 
of the effects of these different condihons upon spatial vision. 

I. Monocular Vision. 

(a) . RtshHg Eye. — The rays of light which penetrate the eye 

are more or less limited in number by the small size of the pupil, 
and changed in direction by a series of refractive media, (i) The 
small size of the pupil sets a limit to the extension of the spatial field 
of the resting eye The limit is variable, as the circle of the pupil 
varies, — reflexly constricted or dilated by the muscles sphtncter and 
dilatator papillae of the ins. The pupillar reflex bears no direct 
relation to the spatial character of the seen object. As a general rule, 
strong stimuli produce constnction and weak stimuli dilatation, though 
the reflex is also subject to organic conditions 

2 . (li) The media which change the course of the rays of light 
are as follows, in the order from without inward: cornea, aqueous 
humour, lens and vitreous humour. Each of these media has a 
different index of refraction, as has each layer of the lens. It is 
usual to discuss these influences under simpler conditions, in the 
‘reduced’ eye of Listing, — an eye which has only one optical centre 
and, therefore, only one point of intersection of all unrefracted rays 
This pomt is tenned the nodal point of the lines of direction. It 
hes in the posterior curvature of the lens, at a distance of about 15 
mm from the retina The construction of the retinal image of the 
reduced eye is exceedingly simple, since all the various conditions 
of refraction are conceived of as concentrated in the lens, which is 
then given a single ideal exponent. The lens itself acts as a converging 
lens, so that the retinal image of a visible obj’ect is inverted, diminished 
and real. This image will plainly be drstmct in one case only, — when 
all the rays proceeding from a luminous point meet again in a single 
point upon the retina. If, therefore, the curvature of the refractive 
medium were invariable, as in an ordinary glass lens, distinct vision 
Mwuld be possible only at one definite distance of the obj'ect firom the 
eye. The eye, however, possesses a mechanism of accommodation, by 
which the degree of curvature of the lens can be varied withm fairly 
wide limits. The limits of accommodation are the limits of distinct 
vision, and are generally referred to as the ‘near point’ and the ‘far 
point’ of accommodation. Changes in lenticular curvature are effected 
by the contraction of the muscle of accommodation, which is attached 
to the choroid coat and pulls upon the zonula Ziimii, a membrane 
surroundmg the edge of the lens If the muscle is unstimulated, this 



§ s8. EXTERNAL CONDITIONS OF VISUAL SPACE PERCEPTION. 353 


membiane is stretched taut, and so gives the lens a weaker curvature. 
If the muscle contracts, the choroid is brought forward, the zonula 
relaxed, and the lens forced into a stronger curve by its own elastic 
tension. 

3. In the emmetropic (normal) eye, the far point of accommoda- 
tion is infinitely distant, the near point 12 to 13 cm. from the eye. 
In the myopic (short-sighted) eye, the far pomt is brought to a finite 
distance and the near point also approaches the eye; m the hyper- 
metropic (long-sighted) eye, the near point is abnormally distant If 
the eye is wrongly accommodated, the object seen gives rise to 
dispersion images upon the retina, due either to the meeting of the 
rays proceeding from a luminous point in front of the retina or to 
the situation of then ideal meeting point behind it The mechanism 
of accommodation thus secures a distinct vision of objects at very different 
distances and within wide limits of absolute distance. 

The sensitive retinal units are the cones (cf. § 21. 2). These occur 
in the greatest numbers in the fovea centralis, a transparent depressed 
area at the centre of the yellow spot (macula lutea). At this point 
some 13,500 cones have been counted in i □ mm. The macula lutea 
is termed the ^0/ of ehartst vmon. It is principally employed in the 
'fixation’ of an object Hence we distinguish between direct and 
induect vision : if the retinal image of an object is formed at the spot 
of clearest vision, it is seen durectly ; if it is formed at some point m 
the lateral portions of the retina, it is seen indirectly. The Ime of 
junction between the fovea centralis and the luminous point is named 
the visual axis. It meets the line of junction between nodal pomt 
and lummous point, the optical axis, at an angle of about 5**, whose 
vertex lies at the nodal point (point of intersection of the Imes of 
direction). The different distances separating the cones correspond 
to the different distances between spatially discriminable pressure 
spots in the skin. The diameter of the point of a cone is about 
0.6 fi (i (» = -n^ the distance between cone and cone seems 

to be not much greater than this diameter : it has been measured as 
about 2 (1. The resting eye is accordmgly as well fitted for every 
kind of spatial function as is any not moving part of the skin. Exten- 
sion and figure, distance and position and movement can all find 
representation on the resting retina in monocular vision. But besides 
this we have a definite empuical criterion for the distance firom the 
eye of a visible object, in the stram of accommodation and dispersion 
images. The various degrees of accommodation may arouse 
sensation, and the dispersion images mdicate the position of the object 
which gives rise to them as before or behind the object of distinct vision. 

23 
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4. {S) The Moving Eye . — The eyeball is a sphere, moving with great 
ease and rapidity on the fatty cushion of the orbit All its movements 
are movements of rotation, and the pomt round which they are made, 
die point of rotation, lies some 6 mm. behind the nodal pomt on the 
line of regard, the line of junction between the fixation pomt and the 
point of rotation. The angle formed by the rays which pass through 
the nodal point is the visual an^e ; the angle which the eye descnbes 
in movement the angle of rotation. The angle of rotation is, accord- 
ingly, always somewhat smaller than the visual angle, for a constant 
distance of two points in apace. The eye is moved by means of six 
muscles, constitutiiig three pairs of antagonists. The first pair, the 
internal and external recti, turn the eye outwards and inwards in the 
horizontal plane; ie, their axis of rotation lies in a vertical plane at 
right angles to the line of regard The second pair, the superior and 
inferior recti, turn the eye up and down, but exert a slight pull inwards 
at die same time. Their axis of rotation is, therefore, perpendicular 
neither to the line of regard nor to the axis of rotation of the first 
pair. It makes an angle of about 70* with the Ime of regard The 
rotatory movement in this case is consequently more complicated. 
We may regard it as composed of a rotation round a horizontal axis, 
cutting the eye at the point of rotation, and perpendicular to the 
vertical avia and to the hne of regard, of a rotation round the line of 
r^rd, and of a rotation round a vertical axis. By the first component 
the eye is raised and lowered, while by the other two it is rotated 
inwards. A rotation whose axis is the hne of regard is termed 
torsion or swivel rotatioiL Its magmtude is measured by the angle oi 
torsion 

3. The movement produced by the third pair of muscles, the 
superior and inferior obliqui, is also a composite rotation. The 
superior obliquus lowers the eye and turns it outwards ; the inferior 
raises the eye and turns it outwards. The axis of rotation of these 
muscles hes in the same plane with the horizontal axis and the hne 
of regard, but makes an angle of 30* with the latter. The siperior 
obliquus, i^., assists the inferior rectus to depress the line of regard, 
but is antagonistic to it as regards torsion; the inferior obliquus assists 
the superior rectus to raise the eye, but is similarly antagonistic to it 
with r^ard to torsion. There is only one movement which can be 
efifected by a single pair of muscles, — ^movement outwards and inwards. 
Movement in any other direction requires the co-operation of four 
or of all six muscles. 

The spatial functions of the eye which depend upon movement 
are (i) primarily induect: movement changes the retinal image of the 
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resting eye, under constant conditions of external environment The 
spot of clearest vision can thus be brought into connection with 
different external objects over a fairly wide area, and the whole field 
of vision is considerably enlarged. Movement of the eye would in 
this respect be precisely analogous to movement of the head or of 
the whole body; and would be preferable to either of these move- 
ments simply in virtue of its greater &cihty and rapidity. But (ii) 
eye movement has also been held to exert a direct influence upon 
visual space perception. The muscular sensations produced by the 
contraction of the different eye muscles, it is said, furnish a delicate 
and accurate measure of spatial distances. We shall discuss the 
validity of this hypothesis later (§§ 59, 3, 8; 60, 3, 4; 61). 

IL Binocular Vision. 

6. (a) ITu Retltng Eyes.—\ portion of the fields of vision of the 
two eyes is coinadent in binocular vision, while the remaimng parts 
of the total field are seen only by a single eye. The lummous points 
in the common portion, the centre of the full field, are represented 
upon both retinae They may, however, be seen as single; in which 
case their points of representation upon the retinae are termed 
comspondtng or identical pomts. The position of these points is not 
anatomically determined, but is very largely dependent upon the 
special practice of the eyes in binocular vision. Thus they are 
differently situated m eyes which squint and in eyes whose movement 
is symmetrical. Only in the latter are they symmetrically arranged 
with reference to the fovea centralis. But their strict localisation is 
not possible at any time. Circumstances may always arise under 
which a unitary image of a luminous pomt is mediated by asymmetri- 
cally situated retinal points, although the possible variation from 
symmetry is not large. We cannot, therefore, correctly speak of 
corresponding ‘points’, but must rather say that each sensitive point 
upon one retina ‘corresponds’ to a small area rqxm the other. The 
sum total of luminous^ points which find representation upon corre- 
sponding parts of the retinae is called the horopter. The mathematical 
construction of the horopter has often been attempted; but the 
variabihty of the corresponding points deprives it of all practical 
importance. If a luminous point stimulates retinal points which lie 
beyond the hmits of correspondence, we have two spatially separate 
sensations, or double im^^es. This single or double vision of objects 
in space constitutes an important addition to the spatial functions of 
the resting eye in monocular vision; double images enable us to 
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measure distance in the third dimension with great accuracy, and 
thus transform areal into tridimensional vision. 

7 . (3) Th* Moving The ends of vision are greatly furthered 

by an automatic co-ordination of die movements of the two eyes, 
which is perfected at a comparatively early stage of individual devel- 
opment. There are then, as a general rule, only two possible forms 
of movement: (i) paralUl movtmtnt, during which the lines of regard 
of the two eyes remain constantly parallel to each other, and (ii) move- 
ments of convtrgtntt, in which the lines of regard of the two eyes 
intersect at some point of objective space. Movements of divergence, 
w., movements in which the two lines of r^ard would intersect at 
a point behind the eyes, occur only in exceptional cases, as the 
result of special practice or a pathological disability of certain muscles. 
Parallel movements may be regarded as movements of convergence 
in which the lines of r^;ard intersect at an infinitely distant point of 
space. Movements of convergence are further divided into oymmetrical 
and atymmttneal. In symmetrical convergence the lines of regard 
make equal angles with the horizontal axis of the two eyes ; in asym- 
metrical convergence these angles are unequal. Asymmetrical con- 
vergence is confined to movement from without inwards and from 
within outwards; convergence of the eyes upward or downward is 
always symmetrical The ontntahon of the eye, its position with 
regard to objects in the field of vision, is by no means constant for 
all movements. It has been found, more particularly in experunents 
upon the apparent locality of after-images, that a constant onentation 
of the eyes during movement is only possible under one condibon, 
that the movement be made bom the pnmary posttion, in which 
the lines of regard are parallel and inclined a little below the hon- 
zontal plane. Secondary potitions are reached by simple movements 
outwards and inwards or upwards and downwards, tW., by movements 
in which either the plane of the primary position or the parallelism of 
the Imes of regard is retained. Tertiary positions are reached by 
convergent movement of the Imes of regard upwards or downwards, 
i^., by movements in which neither the parallelism of the lines of 
regard nor the horizontal plane of the primary position is preserved 
The divergence of all these new positions firom the primary position 
is expressed by the magnitude of the ascensional angle or the angle 
of lateral displacement or both. 

8 . The first secondary position can be brought about by the ex- 
clusive action of the external and internal recti. The second requires 
the combined action of the superior rectus and inferior obliquus, or 
of the inferior rectus and superior obliquus. A tertiary position can 
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only be obtained by the combination of all three pairs: movement 
outwards and downwards, e.g., presupposes the co-operation of the ex- 
terior and inferior recti and the superior obliquus. All movements 
of this kind involve torsion of the eyes. We need not consider the 
forms and laws of these composite eye movements in detail, as their 
interest is purely physiological. Bat it may be noticed that the rela- 
tion between orientation and direction of movement has evidently 
taken shape under the influence of visual experience. It may be 
regarded in essential as a purposive connection of the two eyes for 
common fixation. Hence movements of divergence, which would be 
unserviceable for this purpose, have not been developed at all. The 
two lines of r^ard can move only under the condition that a common 
fixation point is possible, and the displacement of the retmal image 
is intimately related to movements of regard. Another factor m the 
result is the preference accorded to the fixated parts of the field of 
vision by the selective function of the attention 

It is agam questionable whether the movements of the eyes in 
binocular vision stand in a direct relation to visual space estimation, 
or are simply indirect aids to spatial perception, like movements of 
head and body (cf. 5 above). If the former view be held, it becomes 
necessary, in the mterests of psychological theory, to take account of the 
muscular or other sensations arismg from eye movement, and to con- 
sider the relative strength or weakness of the particular muscles, 
the mechanical conditions of muscular action in the orbit. Otherwise, 
these questions need not detain us. Movements of convergence at 
all events furnish a means for the estimation of the distance of an ob- 
ject firom the eye. The degree of convergence is a measure of the 
proximity of the object There is a dose interconnection of movement 
of convergence and accommodation, so that, as a general rule, the 
object of bmocular fixation is dearly seen. Recent mvestigation has 
made it probable that this mtercormection is connate. 

§ 59. The Facts of Visual Space Perception. 

I. The Estimation of Extension and Distance. 

I. The just noticeable visual extension and distance are exceedingly 
smafl. Their determination is quite simple : two luminous points, white 
Imes, etc., at a constant distance from the eye, are approxunated or 
separated to the limit at which they are j’ust noticeably distinguishable. 
Either the visual angle or the distance between the two retinal images 
may be used to express the kt€nn$u of vinon, i.»., the capad^ of 
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discrimination of points in space. It has been found that keenness 
of vision is largely dqiendent upon the part of the retina stimulated. 
It is greatest in direct vision, and decreases continuously towards the 
lateral portions of the retina, so that its value at 50* to 40* from 
the fovea centralis is only of its value at the centre. The just 
noticeable distance of colours and brightnesses in direct vision is 
about one mmute of arc (visual angle) or 0.004 mm. (distance 
between retinal images). It is probable, however, that this result is 
vitiated by irradiation, the diffusion of stimulation on the retina: at 
least, a much smaller value has been recently obtained by a different 
method. Two hnes or shts were taken, one below the other, and 
then relative position altered until the change in direction became 
just noticeable. The visual angle was here only 10" to 12" (seconds 
of arc), and the conesponding distance between the retinal images 
only 0.00089 mm 

2. The accuracy of the eye for the comparison of spaces of some 
length, 4yt measuremmt as it is called, has been made the subject of 
frequent investigation. The chief points at issue have been the valid- 
ity of Weber’s law for the sensible discnminabon of visual extension, 
the part played in comparison by eye movements, the influence of the 
quality of the estimated distances upon the judgment of their extent, 
etc. But no sabsCactoiy conclusion has been reached, despite the 
number of experiments made. The outcome of the different researches 
has not always been the same; in some cases the method employed 
has been exc^tionable; and there are various circumstances whose 
isolabon, while necessary for certamty of result, is very difficult, if not 
impossible. The absolute sensible discnminatioa has always been found 
to decrease with the extent of the distances compared, both as regards 
magnitude (method of minimal changes) and delicacy (method of 
average error). The relative sensible discrimination appears from several 
investigations to be constant withm certam limits, with a relative differ- 
ence lunen of approxunately -if. From others, however, it would seem 
at first to increase and then to decrease with increase of the distance, 
and to show no constancy over any particular region. The quality of 
the compared distances is of great importance for the estimation of 
their extent. We have evidence of this in our everyday experience, 
a life-size portrait appears smaller than it really is; if we try to draw 
the diameter of a half-crown we ordinarily make it too small, etc. 
Distances which are bounded by two pomts, 'pomt distances’, are taken 
to be smaller than ruled lines of equal objective length; while inter- 
rupted lines, composed of a series of points or amall dashes, appeal 
longer than ruled lines. The position of the compared distances is 
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also of importance. Vertical distances generally appear larger than 
horizontal, and a distance to the left greater than a distance to the 
right. If two space lengths are ompared at different distances from 
the eye, the more remote is relatively overestimated. Again, it has 
been shown that the sensible discrinunation of the moving eye is 
greater than that of the resting, and that m either case it is somewhat 
.greater with bmocular vision than with monocular. Comparison is 
apparently most accurate when the eyes are allowed to move uncon- 
stramedly to and fro over the stimulus distances, for a little time before 
judgment is passed. A purely successive estimation diminishes sensible 
discrimination, more especially if the distance of comparison does not 
simply replace the normal distance, but is shown in some other spot 
The result in this case is further modified by the length of time elaps- 
ing between the perception of the two distances. 

II. The Estimation of Position and Direction. 

3. The most important element in the determination of the position 
of an object in space, apart from its distance from other objects in 
the visual field, is its distance from the body of the observing subject. 
The perception of this distance is the idea of depth or of the thud 
dimension. This idea can be farmed only by induect means There 
is no specific representation of distance in depth upon the retina, 
which can only reflect the extension or distance of objects m space in 
the horizontal or vertical direction There are three indirect aids to 
the idea of depth in monocular vision: the degree of accommodation, 
dispersion images, and eye movement The first of these has been 
experimentally tested, with the result that the difference limen was 
approximately ^ of the compared distances. It possesses no great 
accuracy, therefore, and in any case its assistance is nec:essanly re- 
stricted to the limits of accommodation. Dispersion cucles, again, give 
no definite information as to the distance of the object from the eye, 
since the object represented by the dispersion image might equally 
well be situated before or behind the object of reference (whose exist- 
ence must be assumed), i.e., the object of clear vision. And lastly, 
the reliability of eye movement is inversely proportional to the dis- 
tance of the compared objects fix>m the eye. In appealing to it, 
we make the length of the path traversed by the point of regard 
the measure of the distance of the object (the movement 
being supposed to begm from our own body, i.«., from the feet). But 
the farther from us two objects really are, the smaller, of course, is 
the movement of the point of regard rorresponding to the difference 
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in their distances. On the whole, therefore, monocular vision is 
characterised by lack of perspective or of depth discrimination. 

4. There are two principal aids to the formation of the idea of depth 
in binocular vision, which enable us to estimate the distance of objects 
from our own body. These are movements of convergence and double 
images. Experiments upon convergence have shown that the difference 
limen is about of the distances compared, i>., that there b con- 
stancy of the relative sensible dbcrimination. But the most important 
aid to the estimation of depth b the difference between the retinal 
images of the two eyes. The right eye sees a depth difference of two 
pointe in qiace differently &om the left eye. Thb can easily be veri- 
fied by observation (alternate closing [of the two eyes) and by geo- 
metrical construction. The third dimension of a single object, i.« , or the 
depth dbtance between two objecte, fa always differently represented 
upon the two retinae. Thus if a point a lies behind the pomt of 
fixation b, in the median plane (the plane which bisecb the Ime of 
junction of the two points of ocular rotation or optical centres at right 
angles), ite apparent distance from i b the same in both eyes, but it 
b seen with the nght as far to the right of 6 as it b seen with the 
left to the left of b {uncrosstd doubU tmagu). If it lies in the median 
plane before the point of fixation b, it b seen by the right eye as far 
to the left of b, as it is by the left to the nght of b {ctvtud double 
images). The idea of depth originates in the combination of these 
different individual functions of the two eyes (§ 58. 6; cf. § 51. 7). 
in other words, it b reducible to the difference between retinal db- 
tances. And, as a matter of fact, it has been found in experimente upon 
the just noticeable change of depth, that the accuracy with which we 
estimate depth differences in the dbtance of an object from our own 
body or from a given object of reference b the same with the keen- 
ness of vision or delicacy of eye measurement. Thb circumstance b 
of the very highest importance for perspective vbion. Under any other 
condition it would be absolutely impossible that the reverse effect should 
be produced, and superficial area seen as tridimensional reality. 

5. Our judgment of the distance of an object from our own body, 
however, b not wholly mediated by these vbual factors. There are 
a number of empirical criteria which are of importance here as they 
are for visual space perception in general. One such criterion, eg., 
b the clearness of the dbtant object. The more dbtinct it appears, 
the nearer do we take it to be: hence dbtant houses or mountains 
seen on a clear day seem nearer than they do when the air b damp 
and fo ggy . The directions which we attribute to objecte in space 
have already been referred to in our discussion of dbtance (cfi 2 
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above); but they call for special mention here because their deter- 
mination stands in direct relation to the local quahly of our own 
body. Right and left, above and below, before and behind, are 
primarily mdicative of the position of the body with regard to the 
objects of which they are predicated. As the reciprocal onentation 
of the vanous parts of the body is ordinarily constant, the determination 
of their position is an adequate criterion of spatial direction. This is 
the key to the solution of the much discussed problem of the inversion 
of the retinal unage. 

III. The Perception of Figure. 

6. The perception of the figure of an object is reducible (§ 55. 4) 
to the perception of a sum of extensions. Of determining importance 
are the limitmg Imes or surfaces and their position in regard to one 
another We can estimate with great accuracy whether a Ime is 
straight or curved, and whether two lines are parallel, divergent or 
convergent. Visual estimabon of the magnitude of the angle formed 
by two convergent lines, however, is less accurate. The perception 
of surface presents a special problem, smce the discreteness of the 
sensitive retmal units has to be reconciled with the contmuity of the 
areal field of vision. In particular, there is qmte a large area in 
either eye which is insensitive to light,— the bhnd spot at the place 
of entry of the optic nerve, towards the nasal periphery of the two 
retinae The existence of this spot was not discovered until the 
seventeenth century, and is demonstrable only by special experiments. 
It cannot, of course, be remarked in bmocular vision, since the nasal 
portions of the monocular fields are coincident (§ 58. b), so that what 
13 bhnd in the right retina corresponds to a sensitive portion of the left, 
and conversely. But netther is there any perception of it in monocular 
vision as a gap or hole in the visual field : it is apparently altogether 
filled out by the quality of its environment An object which hes 
exactly opposite to the bhnd spot in the field of vision is not seen, 
its place bemg apparently taken by a simple continuation of its 
surroundings. This efiacement is greatly assisted by the indistinctness 
of indirect vrsiom On the other hand, there is no real problem in 
the relation of the discrete cones to the continuous field of vision. 
Since the keenness of vision is hardly adequate to appreciate the 
distance between cone and cone (§§ 58. 3; 59. i), the discreteness of 
the retina has no existence in space perception. 

7. The perception of a body, of a tridimensional object,— stereo- 
scopic vision,— involves a new fketor, the idea of depth. Our previous 
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discussion of its fonnation (II above) also applies here. The most 
important factor m stereoscopic vision, especially it the visual objects 
are somewhat small, is the disposition of the double images, the 
distance of the retinal images from one another. Eye movement is 
certainly not of detennining influence (§ 58. 8); for stereoscopic vision 
is possible when the object is illuminated by the electric spark, iA., 
when the duration of stimulus is so short that eye movements are 
entirely precluded. Moreover, the artificial combination of two areal 
images in the stereoscope proves that the real basis of the idea of 
depth is simply the diflerent position of the retinal images m the two 
eyes. On the other hand, the tridimensional mteipretation of a 
superficial representation, t g., of a drawmg m perspective, is wholly 
dependent upon empincal criteria. The illusion of tndunensionahty 
must be produced by shadmg, by the distnbution of colour and 
brightness, by the omission of the fiuther side of the object represented, 
etc. And lastly, it is noteworthy that the discrimination of particulai 
objects m space is the result of a development, principally conditioned 
by the constant interconnection of their vanous constituents through 
all other changes of spatial relation. The congemtally blind are wholly 
unable to distmguish particular things immediately after the operation. 
They see a single, comprehensive whole, made up of different bnght- 
nesses and colour tones, and they are subject to a whole senes of 
illusions as to the nature of objects presented to them, which are 
referable to their inability to isolate the particular thing firom its 
surroundings 

rV. The Perception of Movement. 

8. Alteration of the position of an object is determinable only 
when the object can be brought into a constant relation with 
the perceiving eye. For there can plainly be no absolute deter- 
mination of a contmuous spatial alteration; it must be defined by 
reference to the spatial character of the moving object as previously 
known, or to other objects of ascertained position. The most unportant 
of these objects of reference is the obwerving eye itself, because the eye is 
capable of extensive movement, and an apparent movement may, 
therefore, be due to its own change of position, as well as to that 
of the object. Estimation of the movement of an object in external space, 
» necessarily presupposes an accurate determination of the movement of 
the eye, or of its position m steady fixation. It is to be noted, however, 
that when the field of vision is completely darkened, objective and 
subjective movements may be confused within quite wide limits. 

In the anthor’s experiments upon centrally exated sensations (§ 28. 2, 3) the 
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sabjecti were not infrequently deceived as to the position and movement of the 
hunt light stimalas employed. Movement of the objective lUnmination was entirely 
ezdoded by the conditions of the experiment, and the attitude of the body was 
also constant thronghont Nevertheless, the light was seen above or bdow, to 
the right or the left, and was not seldom accredited with a movement in various 
diiectioas. Similar iDnsions have been noticed by other observers. 

We are thus forced to conclude that our judgment of the position 
and movement of the eyes is extremely uncertam. Our cogmtion of 
the movement of an external object will be accurate, t e , only when 
we have some further object of reference by the help of which we 
may perceive the changes which it undergoes. This object of refer- 
ence is chiefly useful as ensuring a constant orientation as to the 
position of the eyes: we can judge with very great accuracy whether 
or not an object is situated at the common point of regard (§ 58. 8). 

9. A movement is completely defined by a statement of its direc- 
tion, rapidity and extent. These fiictors have not been sharply 
enough distinguished in previous experiments upon the perception of 
movements (only partially, in mvestigations into the articular 
sensibility: cf. § 56, 6-8). Attention has been attracted, however, 
to the characteristic diflerences m the visual perception of movement 
in diflerent parts of the visual field, over different portions of the 
retina. Both the magnitude and the rapidity of objective movement 
are &r more adequately cognised in indirect than in direct vision 
The hmits of the perception of movement have also been ascertained. 
There are an upper and a lower limit of rapidity, beyond which its 
perception is impossible The least rapidity of movement which is 
just perceptible is that of one to two minutes of arc in the second 
(s= 7 cones per sec. at the centre of the retina). This value is 
greatly increased if there is no orientation of the moving object by 
pomts of reference in the visual field. It is also larger in mdirect 
vision, though this increase is not correlated with dimmution of 
keenness of vision. The determination of the upper limit is merely 
relative, consisting in the comjiarison of the just noticeable move- 
ment with the just noticeable time difference between the appearance 
of two visual impressions at different places. While this just notice- 
able interval or succession is 44* {19 = s«c.; cf. § 65. i), a 

movement between two points at the same distance from the eye is 
noticeable when the time elapsing between begmning and end is no 
more than 14a. The fact that a judgment of movement can be made 
before any precise judgment of the nature of the spatial change is 
possible has again led to the assumption of specific movement sensa- 
tions. The assumption overlooks the fact that general predicates are 
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alwayy more ea^ of reproduction than special (cf. § 27. 5, 6; § 57, 6), 
Lastly, experiments have been made upon the sensible discrimination 
for the rapidity of movement Accuracy of determination, however, 
was possible only for comparatively slow movements, where the difier- 
ence lunen was approximately one minute of arc in the second. At 
higher rapidities of movement, the observations were disturbed by 
movement after-images or metahinetic movements (§ 60. 5). 

i 60. Optical niualons. 

I. Nothing more need be imphed in the expression ‘optical illusion’ 
than that there is a discrepancy between vision and objective mea- 
surement. This discrepant^ may obviously be due to very different 
reasons. Hence the current view that optical illusion is r^erable to 
one definite cause implies a linutation of the term in a defimte direc- 
tion. The ordmaiy explanation of the phenomena as deceptions of 
judgment makes them altogether independent of the anatomical 
structure or physiological ftmction of the visual apparatus If we 
are not biassed in ftivour of this eiqilanation, we cannot refuse to 
recognise that optical illusions are produced by a great variety of 
causes. At the same time it is noteworthy that visu^ perception in 
particular, the perception to which we owe our most exact and com- 
prehensive knowledge of the external world, is peculiarly susceptible 
to subj'ecUve influences. We have had mstances of this in the filling 
out of the blmd spot (§ 59. 6), in the idea of depth (§ 59. II), and 
in other factors of the normal perception of visual space {e^„ § 59. 5). 

The causes of optical illusion may be divided under three general 
headings. The first embraces all those conditions of the divergence 
of subjective and obj'ective spatial determination which are given with 
the visual apparatus. The second includes those assoaative supple- 
ments of sense perception which lead to a discrepancy between a 
judgment of the spatial qualities of the visible object and the actual 
contents of the sensation or sense idea. And the third comprises 
wrong interpretations of sense impressions in the strict use of the 
phrase; tA., a judgment of the given perception which transcends 
the visual contents of reproduction or peripheral stimulation on the ground 
of certain indirect criteria. It is evident that only the second and third 
of these three groups &11 within the current definition of optical illusion 

2. We may note that the existence of an optical illusion presup- 
poses the comparison of at least two visual space determinations. No 
one would think of applying the term to a just noticeable distance 
between two points of visual space. This u simply due to the fact 
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that we are onlmarily as incapable of an absolute estimation of spatial 
magnitudes, as we are of intensities or time intervals; and that absolute 
determination is possible at all only through a continued exercise of 
memory. We have, therefore, to revise the general definition of optical 
illusion given above, and to say that illusion arises, not from the 
discrepancy between vision and objective measurement, but firom an 
error m the comparison of two visual perceptions, the one of which is 
taken as standard. Direct vision, gives the standard of visual 
space perception, in contradistinction to indirect vision. The choice 
of the standard of reference, however, is obviously wholly conventional, 
and we shall, therefore, pay it no more attention than seems necessary 
for an exact defimtion of optical illusion. Remodelling our original 
statement fi-om this standpomt we may lay it down that optical illu- 
sion occurs whenever one and the same objective space character is 
judged in different ways under the influence of secondary circum- 
stances. We need make no att^pt to deade as to the relative correct- 
ness of the divezgent judgments. The phenomena covered by the 
expression ‘optical illusion,* as we employ it, thus reduce to subjective 
diflierences in the spatial estiination of the same visual objects. And 
we accordingly have to distinguish as many kinds of optical illusion as 
we found kinds of visual space determination; illusory perceptions 
of extension and distance, of position and direction, of figure and of 
movement. We will give a brief summary of the most important 
phenomena under these four heads. 

3. (a) Illusions oj Eyt M*asuremtnt.—VJ e have already discussed 
most of the bets which belong here (§ 59. 2). Thus a square appears 
to be a rectangle which is higher than it is broad; and if we are 
required to draw a square we make the vertical sides shorter than the 
horizontal. As this fact seems to be practically independent of the 
part of the retina stimulated, we must have recourse to indirect criteria 
of judgment for its explanation. One theory refers it to the relative 
ease of eye movement in the two directions, another to subjective 
influences. But it might also be asenbed to the far greater accuracy 
of judgment (keeimess of vision) in the horizontal direction. This single 
instance, therefore, shows how difficult it is to trace the real conditions 
of an optical illusion, and how wide a field is here stOl open for ex- 
perimental investigation. Eye movement may be made to some extent 
responsible for the subjective diSerence in the estimation of distances, 
since upward and downward movements imply the activity of more 
than a single pair of muscles (§ 58. 5), and may accordingly be more 
difficult than the outward and inward movements mediated simply by 
the internal and external recti. And there is the further circumstance 
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that the visual field, whether monocular or binocular and whether for 
the resting or moving eye, has a less extension in the vertical direction 
than in the horizontal No conclusion can at present be drawn as to 
the relative importance of the two factors.— Different reasons have also 
been alleged for the apparently greater length of dotted lines as com- 
pared with ruled lines. Some observers mamtain that the 

V dots serve (so to speak) as stations for the movement of 
the lines of regard. The eye is detained by them, its 
movement retarded, and consequently the distance passed 
through appears longer than when the Ime can be traversed 
without hindrance. Others bring the phenomenon into 
connection with the analogous estimation of time intervals: 
an interval which is occupied by a succession of separate 
impressions is taken to be longer than an empty (uniformly 
filled) interval. From this pomt of view the illusion would 
be explicable as an instance of the general type of indirect 
judgment in which the number of separate constituents in 
the fiUmg of a duration or extension is made a measure of 

A its lengtli. — A very mteresting and sinking optical illusion, 
which has lately been the subject of much discussion, is 
represented in Fig. 9. The line which is bounded by the 
acute angles appears much shorter than the Ime bound^ by 
the obtuse. Some psychologists explain this by the mhib- 

A ition of eye movement in the former figure. Others refer 
it to a general rule of optical illusion,— the overestimation 
of acute angles. In all probability, neither of these views 
is correct, for the illusion persists both when the movement 
of the eyes in the opposite direction is artificially assisted, 
and when the angles are replaced by other figures, *.g., 
\ / by arcs of circles. The illusion is, therefore, most probably 

\ / a special case of a general form of indirect judgment, the 
Y criteria of which cannot at present be elucidated with any 
Fjg. degree of precision. 

4. (b) JJlMStont of Direction and Position . — Illusions of 
direction which involve the idea of depth are very common. One of 
the most faimliar instances is the apparmit flattening of the arch of 
the sky at the zenith, with its consequence that the sun and moon 
seem to be larger when on the horizon than when seen duectly over- 
head. This difference of size may be partly due to the illusion of 
filled and open spaces, since in moving over the surface of the earth 
towards the horizon, the point of regard must rest upon a greater 
number of narticular obiects. and hence this interrunted distance wiU 
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seem longer than the empty distance toward the zemth And it may 
be partly due, again, to the density of the atmosphere through which 
the object is seen. This latter hypothesis is confirmed by the fact 
that the illusion passes continuously through all stages fix>m liimting 
value to limitmg value The criterion of distance firom our own body 
would then be the relative clearness of the objects seen (§ 59. 5). — 
Wrong localisation of direction has been observed in cases of unilateral 
paralysis of the eye muscles. Thus, if it is unpossible to turn the 
eyes toward the right, but the patient intends to make this movement, 
the objects in the field of vision seem to have suffered displacement 
towards the right. The same effect can be produced artificially if the 
eyes are turned as far as possible toward the left and two large pieces 
of wax or putty pressed upon 
the right side of the eye balls 
An attempt to move the eyes 
qmckly to the right is, of course, 
only partially successful, and 
we again have the illusion of a 
marked movement of the objects 
in the field of vision towards 
the right. This observation has 
led to the very curious theory 
that the will to execute move- 
ments of the eyes is the sen- 
sation of space itself. What the 
observation really proves is that 
our judgment of the movement 
whidi the eye actually makes 
is extremely uncertain, and that the mere idea of it suffices under 
certain circumstances to bring about a very considerable illusion 
with regard to change of objective space relations (§ 59 8). 

5. (f) Illustons of Figure . — Illusory perceptions of the form and 
direction of Imes are of very firequent occurrence. Thus two parallel 
lines appear to diverge or converge when they are cut at an acute 
angle by cross strokes of opposite directions, as is shown in ZOllner’s 
pattern (Fig. 10). The phenomenon is very striking, and has agam 
been explamed in vanous ways. It is usually referred to the over- 
estimation of acute angles (cf. 3 above), which would make the paral- 
lels diverge in the direction of the opemng of these angles. The 
number of illusions under this head is exceedin^y great, but they con- 
sist for the most part m repetitions of the simpler illusions of distance 
or direction which we have already discussed. 




368 DOCTtaNB OF COMPOUNDS: COLUGATION. 

{d) Appartnt Movmtnts . — Certain apparent movements are due to a 
confusion of the movement of an object with the movement of our 
own eyes, or vitt vena. Thus in railway travelling, where the eyes 
are passively moved with the whole body, near objects, which pass 
quickly across the field of vision, seem to move, while more remote 
objects whose movement across the retina is very slow seem stationary. 
The moon appears to move when clouds dnit across it This may 
be partly due to the fact that a change in the position of small 
objects is always more readily cognisable than the movement of large 
bodies. Many illusions are attributable to imperceptible eye move- 
ments. Thus the bank of a stream appears to travel backwards, 
because the lines of regard are involuntarily carried forward with tire 
current. Stroboscopic phenomena (the composition of apparent move- 
ments fi?om a quick succession of their separate phases) are caused 
principally by the rise and fall of retinal excitations (§ 24.6). But 
the recollection of the movement, if it be familiar, e.g., the galloping 
of a horse, contributes very largely to the sensible reality of the 
whole phenomenorL There are an upper and a lower limit to the 
rapidi^ with which the representations of the separate phases may 
follow one another; and the apparent movement varies with the dif- 
ference between these phases and the duration of each impression. 
Apparent movement may also arise as the result of a very intensive 
movement idea, perhaps in consequence of imperceptible rotations of 
the eyes. Thus a statue may seem to be alive, to open its lips, to 
smile, to nod its head. The chief reason of the illusion here is 
the associative supplementing of perception (cf. i above). Lastly, we 
may mention in this place the movement after-images or metakmetic 
apparent movements (§ 59.8) They appear after an objective move- 
ment of a certain duration, and consist m an apparently backward 
movement of stationary objects subsequently fizat«l. These phenom- 
ena may be confined to definite parts of the retina or field of view, 
so that movements of the eyeball cannot be made responsible for 
them. They are more correctly regarded as simple after-image 
phenomena. 

§ 61. Theory of Visnal Space Perception. 

I. A theory of visual space perception must be based upon the 
epistemological presupposition that die spatial attribute as such is an 
original datum, and that only its sul^ective conditions can be made 
the basis of a psychological theory (§ 55). This was the position 
which we adopted in our explanation of tactual space perception 
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(§ 57- 1)* Blit til® feet could not there be brought out in its full force, 
because in normal vision the data of touch are constantly referred 
to the space of sight, and the problem is thereby very greatly 
simplified. No such reference is possible in the case of visual space 
itself. The visual i^ce idea is tht space idea. Even the space of 
geometry and natural science is not of an entirely different construc- 
tion, but is simply visual space objectively measured and calculated, 
(U., a visual space conceived of as mdependent of all subjective 
influences and discrepancies. Science knows no more of a space in 
itself than it does of a space which is a purely subjective form of 
intmtion, and the metaphysical notion of the non-spabal mind is no 
more scientifically valuable than the notion of an arrangement of real 
existences in accordance with the appearance of spatial relations in 
the world of things. We cannot attempt to explam the inexplicable ; 
we can only seek to assign the reason for the subjective variations 
of the space datum. But the limits of psychological theory have 
been constantly overlooked ; and time and again the psychologist has 
set out on no less a quest than the discovery of the origin of the 
space idea. Now an empirical space theory in the stnet sense of 
the term is altogether impracticable. If the originality of the space 
datum is once given up, there is not a single fact of visual space 
perception which any theory will be adequate to explain. 

2 . From this point of view we shall be unable to accept Lotze’s 
local sign theory in its visual form. In Lotze’s view, the local signs 
which dispose the primarily non-spatial sensations in an apparent 
space order are to be found m the movement sensations which arise 
from rotation of the eye. These movements are originally reflexes, 
which serve to bring an impression to the spot of clearest vision. 
The nearer the retinal unage approaches the periphery, the more 
extensive is the corresponding reflex movement All these movements 
arouse actual sensations, of indescribable quahty, and the sensations 
are utilised by the mmd for the arrangement of retinal impressions 
in visual space. Many objections may be urged against this theory, 
apart from the general charge of an incorrect epistemological founda- 
tion. (i) It overlooks the fact that the most original space determina- 
tion, that of which the eye is capable altogether independently of move- 
ment, is extension. The field of vision first seen by the congenitally 
blind after operation,— seen, before the patient has learned to 

put a definite spatial interpretation upon his eye movements, — is 
extended, though the idea of depth is as yet unformed, and the 
various objects which the eye embraces are as yet unseparated from 
one another, (ii) It does not give any local sign at all to the spot 
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of dearest vision, although the iq>ot is certainly not a simple point, 
and although it is capable of more exact local discrimination than 
any other part of the retina, (iii) It lays stress upon movement sen- 
sations; and the movement sensations of the eye are of especially 
doubtful significance. We have seen that they are extremely unreli- 
able as indices of the position or movement of the eye itself (§ 59. 8); 
and assuredly we are but veiy seldom consdous of them under the 
customary conditions of vision. Besides which, the movements of the 
head and of the whole body also famish means for the bringing of 
an impression upon the spot of dearest vision This being the case, 
the comphcation of movement sensations would plainly be too great 
to allow of the maintenance of an uneqmvocal arrangement of visual 
space solely by the help of eye movements. 

3. lipps has attempted to meet these difficulties by substituting 
other local signs for the movement sensations. Neighbounng retinal 
elements, he says, are more frequently exated by similar stimuli, more 
remote elements by different stimuli. This fact is the basis of spatial 
arrangement and separation. The hypothesis, however, is not only 
unproved, but unproveable and improbable to boot We can neither 
conceive of an original total impression in which there should be 
absolutely no separation of the various spatial constituents; nor under- 
stand how a connection should be formed between the qualitative 
difference of the visual impressions and their spatial disposition, so 
delicate in its adjustment and so rehable in the particular case as the 
facts demand. It is true diat the datum is a visual total impression, 
whose separate spatial constituents are not cognised or defined as par- 
ticular ol^ects, ie., whose various qualities are not grouped together 
as individual things. But this does not prejudice their intrinsic spatial 
defimteness; mdeed, it is wholly mconceivable that this spatial 
separateness should be sunply non-existent. Moreover, if the connection 
between the qualitatively like (different) and the spatially proximate 
Iremote) really existed, as it is supposed to exist in Lipps’ theory, 
there would surely be some indication of it in the developed conscious- 
ness, and especially when unfamihar objects are presented to perception. 
But we find nothing of the kind in expenence (with the exception of 
a trifling effect in the sphere of optical illusion) and statistical theory 
lends no colour to the hypothesis. 

4. Helmholtz practically accepts Lotze’s view, but rqects the meta- 
physical constituents which are so necessary to its support. He is 
thus led into a wholly incomprehensible empinsm, which somehow 
makes the muscular sensations arising from eye movement represent 
the space of visual perception. Henng, on the other hand, holds a 
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nativistic view, in which spatial vision is referred to the familiar schema 
of antagonistic nervous processes, altered to suit the condition of 
tndimensionality (cf. § 21. 4). Every retinal point has three simple 
space values; a breadth value, a height value and a depth value. Its 
stimulation will, therefore, aronse three ‘space feelings’, each of which 
may be positive or negative in quality. The centre of the retma is 
the zero point of space value m all the three dimensions. A vertical 
line (‘median longitudinal section*) separates the portions of the retina 
with positive breadth and depth values from those with negative; and 
a horizontal line (‘median transversal section’) divides the parts with 
positive height values from those with negative. The theory is both 
unphilosophical and unpsychological, and we need not spend tune 
upon its discussion. Movement sensations, agam, play an important 
part in the theory of Wundt (§ 57. 2). But they are regarded as 
combimng with a qiecific qualitative local signature of the retinal 
elements for the production of visual space, which is accordmgly 
conceived of as the result of a synthesis or fusion of the two Actors. 
Wundt thus obtains a system of complex local signs, and is thereby 
able to do fuller justice to the facts than was done by Lotze, with 
his simple local signature and its merely quantitative gradation. At 
the same time, when we remember the imperfection of our perception 
of eye movements (§ 59. 8), it seems impossible to allow them 
the great importance which they are given in these theones. However, 
a final judgment is impossible on the basis of the &cts as at present 
known. 

5. With this reservation the author would confess his inclination 
to r^rd visual space perception as sensibly and directly conditioned 
by the functions of the retina, and by them alone. The part played 
by eye movement in visual perception would then be analogous to 
the part played by movement of the head or of the whole body. It 
would not possess any independent function in space perception, but 
would serve to extend the field of vision, to secure the appropriate 
direction of r^ard, to effect a quick change of fixation, and m general 
to induce fovourable external conditions. On the other hand, the 
uneqmvocal correlation of definite objects in space with definite retinal 
elements is fully guaranteed by the organisation of the eye, as we 
found a similar correspondence to be by the organisation of the skin 
(§ 57‘ 5)< essential importance of the separate retinal elements 

for spatial vision is clearly evidenced by the fects of metamorpkopsta , — 
a distortion of spatial figure due to a pathological migration or separ- 
ation of particular fragments of the retina, the phenomena of which 
are wholly similar to those observed after the transplantation of 
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firagments of skin. We have no choice, therefore, but to attribute a 
certain local signature to the various retinal elements,— certain pecu- 
liarities, in virtue of which they attach to themselves definite spatial 
judgments. Here agam, the most obvious course is to look upon 
these local signs, not as conscious attributes of the particular visual 
impressions, but as physiological characteristics. Nothing more positive, 
however, can be said about them. 

6. It cannot be demed that this hypothesis is sufficiently difficult 
of detailed application to the facts. One clear point m its favour is 
the dependency of spatial perception upon the place of retinal stimulation 
We know that the cones, which in all probabihty are the sensitive 
units of the retina, occur in the greatest numbers at the fovea centralis, 
the spot of clearest vision, and are more and more sparsely distnbuted 
as the periphery is approached. Here we seem to have an explanation 
of the indistinctness of indirect vision, — the duninution of keenness of 
vision, the uncertainty of eye measurement, etc. And here we may 
refer the special facility of the penpheral retina in the cognition of 
change or movement. For if the intervals between the sensitive 
elements are comparatively large, changes in sensation (whether pro- 
duced by movement of an object or by alteration of its luminosity) 
will presumably be remarked more clearly, owing to diminution of 
irradiation, ftobably, too, the fall (§ 24. 6) of excitation in the 
lateral portions of the retina takes place far more qmckly than in the 
central parts, and the peripheral after-unages are less mtensive than 
the central. At the same time, there are a whole number of facts 
of visual space perception which are very largely due to the operation 
of other than purely sensible conditions: the idea of depth, the 
continuity of the field of vision, a variety of optical illusions, etc. 
If a distinction may be drawn at all between sensation and perception 
(and we have made no attempt to distmguish them hitherto), it may 
be drawn within the sense of sight Nowhere is the contrast of 
insignificant qualities and their significant arrangement impressed upon 
us so forcibly as m the domain of vision. Nevertheless, it would 
seem that the difference is always psychologically referable to the 
familiar phenomena of sensations as elementary conscious processes, 
and of the connections into which they are brought by their liability 
of reproduction, by fusion and colligation. 

7. We have already remarked that the part played by eye move- 
ment in the formation of the space idea is still a matter of dispute 
There are certain phenomena (the influence of the movements of 
convergence upon the estimation of distance in depth, the illusions 
arising from the intention to execute an impossible movement, etc) 
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which seem to give it a direct sigmficance for spatial vision. Against 
this is the fact that eje movements themselves are mcoirectly and 
uncertainly judged. A complete theory of visual space perception 
cannot be formulated until the question has received a final answer 

(§ 58. 5. 8). 

It has sometimes been objected that if visual sensations really 
possessed an origmal spatial attribute, the insensitive areas between 
the sensitive retinal elements, and the blmd spot in particular, would 
betray themselves in the character of the field of vision The objec- 
tion may be met in various ways. (1) The influence of associative 
supplementing (§ 60.1) is very great throughout the whole domain of 
visual perception. The filling out of the visual field may, therefore, 
very well be regarded as due to experience (u) Again, it is only under 
the most favourable conditions that we are able spatially to discriminate 
two luminous points whose images fall upon two contiguous cones in 
the retina. And (m) it is not easy to see how movement sensations 
could be the instruments in the fillmg out of the field, since its con- 
tinmty for perception is certamly not a continmty of movement— 
There remains the view that the space of visual perception is the 
product of a fusion of retinal impressions and movement sensations, 
in which the separate constituents have combmed to produce a new 
result of an essentially different nature from then own This hypo- 
thesis seems untenable, for the reason that the space of visual per- 
ception IS given mtrospectively as a dnect function of the retmal 
impressions, while movement sensations are entirely different in char- 
acter from anything that we know as a space idea — We must there- 
fore, conclude with Stumpf and James, that the retmal unpressions 
are fi-om the first endowed with a spatial predicate 

§ 6a. The Localisation of Non-spatial Sensations The 
Perception of the Position and Movement 
of the Body. 

I. Localisation in the strict meaning of the word is possible only 
for sensations ongmally possessed of a spatial attribute, it., sensations 
of touch and sight. At the same tune, we speak of the localisation 
of impressions, e.g., of sTn**!! and hearing In these instances the 
term is evidently employed with a transferred meanmg, to indicate 
the relation of the piarticular sensations to visual or tactual objects. 
This relation is not a relation of spatial contiguity, but an association, 
in virtue of which more or less definite ideas of sight or touch are aroused 
or reproduced by definite auditory or olfactory sensations, or at least a 
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certain judgment of spatial connection becomes possible. — An attempt 
has recently been made to accredit tones with spatial attributes. 
Deep tones are said to be more voluminous than high tones, and the 
sound sensations of the nght ear somehow spatially different from 
the sounds produced by stimulation of the left. But the former 
statement translates a metaphorical characterisation into an objective 
attribute; and the observation that we can discriminate between 
exatation of the right and left ears by stimuli which are identical in 
all respects but localisation, merely proves that we can discnminate 
their position by some indirect means,— perhaps by aid of the cnta- 
enous sensations aroused at the same time. 

The problem which the localisation of these non-spatial impiessions 
presents for solution is, therefore, simply that of the discovery of the 
relations obtaining between them and the space ideas (judgments) and 
movements which they exate, and, more especially, that of the 
determination of the particular attnbute which serves as the incentive 
to the reproduction (§ 30) of their space references. The auditory 
sensations have received by far the most exhaustive treatment, theoret- 
ical and experimental, of all the locahsable non-spahal sensations. 
We shall, therefore, restrict ourselves in the main to the discussion 
of their localisation. 

2. There can be no doubt that the idea of massiveness and volume 
which is often aroused by deep tones is referable to the facts that 
they are ordinarily more mtensive than high tones, and that their 
sound waves occasion a more mtensive concomitant excitation in other 
sensitive and resonant parts. Thus a deep organ clang, struck with 
sufficient mtensity, seems, as we say, to fill the whole church. The 
same facts serve to explain the less accurate localisation of deep tones. 
In this particular case, the auditory sensations excite ideas of extension 
or figure; but, as a rule, they also mediate ideas of their distance 
from our own body and of the direction from which they come. 
Here again, the spatial predicates do not belong to the sensations 
themselves, but to their exatmg sbmuli, the sources of sound Experience 
is the determining &ctor in their localisation (= the combination of 
distance and dnection; § 55. 4). The fundamental factor in the 
cognition of direction is the distinction of right and left. We do not 
yet know what the criteria of this distinction are; but we may con- 
jecture that cutaneous sensations, concomitantly exdted by the different 
sound waves, inform us whether the right or the left ear has been 
stimulated. Where both ears are concerned, the judgment of direction 
is certainly further dependent to a veiy large extent upon the relative 
intensi^ of the two stimulations. If we can distinguish whether a 
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sound is heard by the right or the left ear (and experiments have 
shown that we can do so with a feirly high degree of accuracy) we 
must also be able to say withm certain limits whether a sound to the 
right is more mtensive than a sound to the left, and vtct vena. 
From this point of view it is possible to construct a field of audition, 
the discnminable directions in which are represented by the discrmu- 
nabihty of the mtensities to right and left. There must, however, 
always be two directions within the total field, m which these relative 
mtensities are equal, — the directions straight before and behmd us. 
These two directions will, therefore, be especially liable to confusion, 
except in the cases where the difference m the absolute mtensity 
of the two sound waves (other things equal, the position of the pinnae 
is favourable to a sound coming from the front, and unfavourable to 
one coming from behind) is sufficient for then discrimination. Expe- 
rience seems to show that a confusion is not uncommon. And 
experiments in which the pinnae were tied back against the head, 
and artificial pinnae, turned in the opposite duection, placed forwards 
from the external auditory meatus, gave the result that sound unpressions 
coming from behmd were localised in front of the face Moreover, 
the importance of the relative intensity of binaural impressions is 
attested by the increased niunber of erroneous judgments of direction 
in unilateral hearing. 

3. The influence of relative mtensity is further evidenced by a 
number of observations upon the localisation of tones, with and without 
beats, when the two ears are simultaneously excited by timing forks 
of equal or of somewhat different pitch held close before them, or 
by vibrating rods appUed to the bones of the head, etc. A smgle 
tone is heard, and Iodised in the head, approximately m the median 
Ime if the tones to right and left are of subjectively equal intensity, 
and more towards the nght or left if the right or left tone preponderates 
m the total unpression. Another fact which belongs here is that we 
are able separately to localise two simultaneous sound stunuh of different 
quahty with great accuracy. The sensible discriminabon for direction 
was found by MOnsterbeig to be surprisingly well developed The 
difference limen in his experiments varied on the average between 1 
and 10 cm. for a source of sound i m distant It has been further 
demonstrated that noises are better localised than tones. 

We cannot estimate the distance of a source of sound with any 
of confidence unless the mtensity and quahty of the sound itself 
are familiar. Other thmgs equal, intensity of sound is taken as an 
indication of the proximity of the object which produces it. Thus the 
rumbling of a wagon, the clang of a familiar composition and the 
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tiead of an approaching step ate all employed as criteria of distance. 
No systematic investigation has been made mto the accuracy of the 
inference in these and similar instances; but we may conjecture that 
the sensible discrimination for distance is the same with the sensible 
discrimination for sound intensity. We ordinarily r^;ard the judgment 
of distance in general as extremely uncertain, and as based upon purely 
fortuitous ideas in all cases where the normal intensity of the sound 
heard is unknown. Certain recent observations, however, show that 
it possesses a quite unexpected accuracy. In any event, the capacity 
of localisation is probably extremely different in different individuals. 

4. The forgoing statements have laid down the hnes upon which 
a theory of auditory localisation must be elaborated. The mcentives 
to the reproduction of the spatial predicates of extension, direction 
and distance, whether by way of judgment or visual idea or move- 
ment, virill be (a) certam peculiar attnbutes of deep tones as con- 
tradistinguished from high; (^) concomitant tactual exatations of the 
two ears; (y) the relative intensity of the unilateral auditory sensations; 
(i) a defimte recollection of the character of the tones or noises heard; 
and (*) the colour of the clang or noise (§ 14. 4). This list of incen- 
tives to reproduction brings the problem of a theory of auditory 
localisation under the more general question of the conditions of the 
reproduction of ideas (cf. especially § 30). 

We must, however, note before we leave the subject that a quite 
different theoiy of auditory localisation has been proposed by Freyer 
and Mfinsterbeig. In the opimon of these authors we detemune the 
direction of a sound by the help of the semicircular canals. Freyer 
regards the mediation of a ‘feeling of the direction’ of a sound as the 
specific energy of the nerve endings in the ampullae (§ 23. 5). The 
discriminable directions of sound correspond to differences in the 
intensive exatation of the individual canals. Mfinsterberg has modified 
this hypothesis: he does not posit ‘feelings of direction’ as the direct 
correlates of stimulation of the canals, but thinks that their stimula- 
tion releases reflex movements (or impulses to movement) of the head, 
which serve to turn it in the duection m which the source of sound 
is brought immediately before the eyes. The muscular sensations thus 
exated afford the means of localisabon. But (a) this assumption 
seems to be altogether superfluous for the explanation of the facts, 
while (3) there is a positive objection to be urged against it, — that 
the assumed unequivocal relation between directions of sound and the 
relative mtensity of particular stimulations of the canals is altogether 
mconceivable. As the sound waves are always propagated to the 
labyrinth in the same way, it is difficult to see how they can excite 
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this or that ampulla, according to the direction from which they come 
(f) Moreover, the theory cannot ezplam the different localisation of 
simultaneous auditory stimuli. 

5. Not much can be said of the localisation of other sense im> 
pressions. Gustatory stimulation, *g., always occurs together with a 
stimulation of the cutaneous sensibihty, so that we know nothing of 
the spatial character of gustatory sensations as such. It is noteworthy, 
however, that the space relations of the different gustatory stimuh 
are very differently interpreted in sensation. A bitter taste spreads 
with great rapidity over the whole of the buccal cavity; a weak 
stunulation of this quality at a definite point of the tongue radiates 
at once over the entire sensitive area. Stimulation by the other taste 
qualities seems, on the contrary, to retain its local distinctness for a 
comparatively long time. — No accurate observations have been made 
of the localisation of olfactory sensations. If we may judge by the 
conditions which govern olfaction, the cognition of the durection from 
which the olfactory stimulus comes will require the aid of movements 
of the head or body, and the only cnterion of localisation will be 
the intensity of the sensation itself— The orgamc sensations are 
ordinarily localised at the place of their peripheral exatation. Thus 
the muscular, articular, and tendinous sensations aae referred to the 
different parts of the body at which their sense organs are situated , 
hunger is placed m the stomach, thirst in the pharynx, etc. Physiology 
brings all these phenomena under the law of tccenirie projection, 
which states that all cutaneous and organic sensations are localised 
at their peripheral source of origm. But it is evident that this is no 
exception to a general rule obtaming in other sense departments. 
Localisation of any contents consists m its associative connection with 
the visual image of the place of stimulation. Thus, auditory impres- 
sions are referred to points m objective space; cutaneous impressions 
to the visible cutaneous areas subject to touch or pressure; organic 
sensations to the parts of the body (less definitely conceived of, 
because invisible) in which the excitatory process is set up, etc. 
Reproduced sensations are locahsed in the same way; and it is, 
therefore, not surprising that pam is sometimes sensed in an amputated 
limb. All these localisauons take shape in the course of experience, 
unless the localised sensations possess an original spatial attribute. 

6. We may conclude this Secbon with a few brief remarks upon 
the perception of the position and movement of our own body. We 
have already mentioned (§ 23) that the semicircular canals and ves- 
tibule of the labyrinth constitute an organ for the maintenance and 
regulation of the bodily equilibrium. But we were compelled to 
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leave it tmcertain whether this reflex activity has a direct sensoiy 
correlate, and were unable to decide, in particular, whether giddmess 
may be looked upon as a common sensation originated m the 
internal ear. In the author’s observation, the position of the body is 
inferred, when the eyes are closed, simply from cutaneous and arti- 
cular sensations. Stimulation of the canals may possibly serve to 
determine the judgment of position indirectly, as implying the 
stimulation of particular muscles to more mtensive function. The 
important part played by the head m orientabon is natural, when 
we remember that it carries several sense organs, and more especially 
the eyes. The judgment of the position of the body is based upon 
a number of ideas of the position of its various parts. It is somewhat 
different with the perception of a passive movement of the whole 
body. Here the position of its vanous parts is constant, and we 
cannot, therefore, infer that we are moving, from the relative positions 
of the limbs. Now it is an established feet of frequent observation 
that movement is imperceptible as long as its veloaty is uniform, or 
even if it is subject to uniform acceleration. On the other hand, 
the beginning or cessation of a movement, or a positive or negative 
acceleration of a given veloaty, is remarked at once. It seems 
reasonable to explam these phenomena by the hypothesis that in every 
case there is either a change in the position of the limbs, caused by 
the inertia of the mass of the body, or (if that is not possible) a 
change m the pressure sensations produced by contact with surround- 
ing objects. Thus, if the carricige in which we are nding is suddenly 
stopped, the upper part of the body fells forward; and if we are 
sitting with our back against the cushions, we receive an intensive 
pressure from behind when it starts again Most of our ideas of the 
movement of the whole body will certamly be referable to similar 
changes of sensation in its different parts Movement after-images 
like those which occur in visual sensation (§ 6o 5) are very distinct 
in these cases, and again take the form of apparent movements in the 
opposite direction, appeanng on the cessation of an objective movement 
which has been continued dunng a considerable time. Judgmg from 
all these facts, we find no reason to believe that the organ which sub- 
serves the maintenance of the bodily equilibrium mediates spatially 
interpretable sensations. We do not as a matter of fiict localise any 
such sensations withm the labyrinth of the ear; and, in particular, 
there are no noticeable differences of sensation correlated with 
different positions or movements of the head. At the same time 
we freely admit that no final decision of the point is at present 
possible. 
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Chapter II. The Temporal Attributes and Relations of 
THE Elements of Consciousness. 

§ 63. Prefiitory Remarks. 

1. With the modem advance of epistemology has come the con- 
viction that time, like space, is an original datum of our expenence. 
We have given this fact its place m psychology by predicating an 
elementary temporal character of sensations and feelings, and recognising 
duration as a universal attribute of both, co-ordinate with quality and 
intensity To duration must now be added certain other definitions 
of the temporal relations of sensations or feelmgs All these contents 
possess a temporal pontion, an earlier or later place m the succession 
of conscious processes, and recur at a certain frequency, t.e., bear, as 
particular durations of a series, a determinate relation to its total duration 
To these might be added a predicate which stands to duration as spatial 
distance to spatial extension,— the interval, or temporal distance inter- 
vening between one process and others. As a matter of fact, however, 
this term is really identical with durabon; it does not signify a tem- 
poral determination as such, an ‘empty’ time, but always the duration 
of something. The only difference is that when we use the word 
‘duration’ in its strict sense we can refer to a definite process as the 
substrate of the temporal attribute, whereas the word ‘interval’ leaves 
it entirely indefinite what durations fall within the time limits. But 
the mterval has been given the preference over duration in the psy- 
chology of time with as perplexing results as follow firom the preference 
of distance over extension in the psychology of space (§ 55. 5). 

2. To determine the quality, intensity and spatial characteristics of 
sensations we have to rely on the subjective methods of sensitivity and 
sensible discrimination. Duration, on the other hand, may be measured 
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by objective procedures, (i) The first of these, which is based upon 
the Wet that duration always stands in a certain relation to frequency, 
and vice versa, we may call the method of frequency. If it sensations 
are given in succession, and 7 * is the duration of the whole series, the 
duration of each separate sensation, /, may be calculated from the 
T 

equation / » — . The use of this method presupposes («) the similarity 
of the individual successive sensations, and (fi) a sufficiently Luge 
number of terms to reduce the objectively incalculable time for the 
nse of the first sensation and the faJl of the last to a negligible quan- 
tity. It might be urged against the method that it sunply gives a 
certain minimal duration of sensation, since the temporal course of 
each impression in a series which stands upon the border-line between 
temporal separateness and quahtative fusion must always be represented 
in a more or less curtailed form in the results. But this circumstance 
hardly comes into account for the comparison of sensations from differ- 
ent sense departments, or of different quahties and mtensities within 
the same sense department; and here the method of frequency has 
proved to be a valuable mstrument of psychological analysis. (2) Another 
objective procedure for the determination of the duration of conscious 
processes is the method of reaction. The tune elapsing between a sense 
impression and the execution of a defimte movement, previously agreed 
upon, m direct response to it (reaction) is termed the ‘simple reaction 
tune’. The duration of the whole process can be accurately measured 
by the aid of appropriate instruments. If a further mental act (cog- 
nition, choice, association) is interpolated between impression and 
movement, this duration is increased. Provided that no extraneous 
cause interfere to protract the expenment, the duration of the particular 
act may then be obtained by subtraction of the shorter tune of the 
simple reaction from the longer tune of the ‘compound’. —It is plain 
that the vahdity of this method depends upon the correctness of the 
imphed assumption that all the part-processes of the simple reaction 
recur in the compound with their original temporal attributes unchanged. 
In the author’s opinion, this assumption is not justified. The reasons 
for his opinion will be given in detail later (§ 70) 

3. Many investigations have been undertaken mto our estimation 
of intervals, (i) Attempts have been made to measure the least 
noticeable interval between two successive stimuli, i.e., to detenmne 
the temporal sensitivity. But the results may equally well be explamed 
as the values of a just noticeable succession of impressions. Indeed, 
since the object of the experiments is the simple discrimination of 
two impressions, and mistakes are often made as to their temporal 
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position, we may conjecture that in many cases the recorded judgment 
IS not even a judgment of succession, but only of the separateness 
(duality^ of sensations. In other words, we have a reourence of 
precisely similar difficulties to those which we found attaching to the 
determination of the space lunen in the sphere of tactual perception 
(cf. § 56. 1). (ii) Numerous experiments have been made upon the 
sensible discrimination of intervals. But here again, the determining 
factor in the judgment of small intervals is in all probabili^ the per- 
ception of succession, and not the perception of duration. Unfortu- 
nately, no comparison of the duration of sensations has as yet been 
instituted, despite its eminent desirabihty. The perception of temporal 
position has been investigated by experiments upon the apparent 
temporal displacement of disparate sense impressions. These expenments 
seek to trace the conditions under which simultaneity is apprehended 
as succession, and vie* vena. Little has been done so &r toward the 
expheation of the circumstances under which the perception of frequency 
is possible. Here belong in particular certain observations of the ‘range’ 
of consciousness. Their purpose is to ascertain the greatest number 
of successive sound impressions which can be duectly compared with 
other similar groups of sensations. 

4. These remarks may suffice to indicate the range and character 
of the contributions made hitherto by the experimental method to 
the psychology of time, ie., to the definition of temporal attnbutes 
and relations. We proceed now to analyse the vanous forms of the 
temporal judgment in greater detail: the analysis will assist us in our 
criticism of these researches, and will bring into rehef the problems which 
the subject presents. The duration of a process can be defined only 
by its magmtud*, whether we are dealing with the least noticeable 
time or the comparison of longer times. The same is true of the 
perception of interval, in all cases where its direct determination is 
attempted. Temporal position, on the other hand, can not only be 
brought under the general categories of iimultarmty or succtuton, but 
may be specially investigated under the heads of dmehon and rapidity 
The judgment of direction of a succession takes the form of ‘before’ 
and ‘after’, ‘earlier’ and ‘later’. Its rapidity is measured by the 
magnitude of the interval elapsing between the successive impressions 
and the duration of the impressions themselves. In the case of fi:e- 
quency, the most complicated temporal judgment, we have to determine 
the nutnhtr of successive processes and the period in which similar 
sections of the total time recur, besides this total duration itself, the 
direction and rapidity of the succession, the magnitude of the interval 
between impression and impression, and the duration of the separate 
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impressions. It follows at once from this survey of the various temporal 
judgments that duration is the simplest temporal predicate. It may 
appear as the attribute of a single conscious process, while the judgment 
of temporal position or frequency presupposes the existence of two or 
more conscious processes. We do not mean, of course, that the 
judgment of duration must, therefore, necessarily be the most original 
in the psychology of tune, t.«, that it is chronologically prior to all 
the others and is the foundation of any one of them m the particular 
case. We believe, on the contrary, that all the different kmds of 
temporal judgment which we have mentioned —duration or mterval, 
direcbon and rapidity of succession, number and period —are capable 
of an equally direct or immediate application. 

5. The most frvourable conditions for the inveshgahon of the vari- 
ous temporal judgments will obviously be those which best admit of 
their isolated formulation Especial care is needed in the selection of 
such conditions, smce the temporal judgments, as applicable to all 
contents alike, stand m the most diverse relations to the co-ordinate 
conscious attributes and to one another, and we are consequently only 
too liable to judge of temporal characters mediately or indirectly, by 
the help of certain empirical criteria A particular reason for this 
liability is the &ct that in everyday life we are ordinarily called upon 
to estimate or compare considerable lengtlis of time, which must, of 
course, be judged by reference to secondary cnteria. The experiments 
published hitherto have unfortunately paid but little regard to the 
different p(»sibilities of judgment; there has been a regrettably strong 
tendency to consider objective time relations as the natural objects of 
subjective apprehension. One of the consequences of this attitude 
may be mentioned, for the sake of illustration Until quite recently 
it had passed altogether unnoticed that the basis of companson m a 
quick succession of three sound stimuli is not the duration of the 
small intervals which they mark off, but the rapidity of succession of 
I and 2 and of 2 and 3 (§ 65. 3 #.) We now know that the obser- 
vations made with these small times cannot be comjiared with those 
of longer tunes, in which the duration of the interval as such affords 
the material of estimation. This and similar confusions render the 
task of exposition exceedingly difficult In certain cases it is qmte 
impossible to discover what the object of judgment actually was. 

i 64. The Duration of Sensations. 

I. The method of frequency has been employed for the determina- 
tion of the duration of cutaneous, auditory and visual sensations. 
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(a) Th* duration of cutaneous sensations. — Vanous fonns of the method 
have been used in this connecbon. Intennittent stimulation has been 
given by means of a toothed wheel held during rotation against a 
fixed point of the skin, by the application of a tongue attached to a 
vibrating tumng fork, etc. At a high rapidity of succession, these 
stimuli fuse to a unitary sensation. The question is, at what limit of 
rapidity the separate impressions can be still just cognised as succes- 
sive. Some observers place this limit at 20 to 30 contacts, others at 
500 to 1000 m the 1 sec. The wide divergence of result is partly 
due to the different intensity of the stimuli employed,— a factor of 
very considerable influence. But another and yet more important 
reason is the utter discrepaiiry between the objects of the different 
investigations, the high numbers marking the limit between roughness 
and smoothness, the lower that between a perceptible and imper- 
ceptible succession of the separate impressions. The latter (20 to 30 
stimulabons in the i sec.) may perhaps be made the basis of a 
determination of duration. We should then have a duration of ^ 
to Vs sec- for pressure sensations of moderate intensity. The value 
seems to be much higher in the case of temperature It has been 
found that temperature impressions are temporally just discnminable 
if they occur at the rate of about 2 m the i sec. 

2. {b) The duration of auditory sensations. — A very simple musical 
experience serves to show tliat deep tones have a longer duration 
than high tones. In a tnll upon two notes m the lower region of 
the scale it is quite difficult to distinguish the succession of tones ; in 
the higher region they are very distinct The tnll is generally said 
to compose some 10 to t2 impressions in the i sec.; but there 
can be no doubt that the number may nse to 20 m the case of a 
practised performer Accurate experimental investigation shows that 
the duration of tonal sensations steadily decreases with rise of pitch. 
The C of 64 vibrations lasts Vs sec.; the r of 128 vibrations Vs ^-1 
and the c* of 1024, sec. This result is confirmed by obser- 
vations on the rate of succession at which beats are still discriminable 
In the lower portion of the scale they are imperceptible as separ- 
ate impressions at 16 to 20 m the i sec., while in the higher region 
the limit is variously given from 60 to a considerably larger number. 
Here again, however, the discrepancy is probably due to the absence 
of any sharp line of distinction between just noticeable succession 
and just noticeable harshness or intennittence. As regards simple 
noises, we have the statement that two electnc sparks are just distin- 
guishable at an interval of sec. It is impossible to draw any reliable 
inference from this fact to the duration of the sensations themselves. 
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3. (c) TTu duration of visual unsations . — The numerous researches 
which deal with this subject differ so widelj in object, method, and 
technique, that they do not admit of any strict intercomparison. In 
most cases, investigation has been carried out by the aid of rotating 
discs, composed of white or coloured sectors. But very little fami- 
liarity with the experiments is sufficient to show that the just notice- 
able succession is largely dependent upon the brightness of the sti- 
muli employed for its determination and upon the difference between 
their brightness and that of the visual intervals which separate them. 
Thus a disc of black and white sectors must be rotated more rapidly 
by daylight than by lamplight, for the production of a subjective 
mixture of the two brightnesses. On the other hand, it has been 
found that while the brighter sensations have a longer absolute dura- 
tion than the darker, they are subject to a more rapid decrease in 
brightness. Again, the durabon of a sensation m indirect vision is 
longer for the same stimulus than its duration in direct vision; a fact 
which accords very well with the greater intensity which must be 
attributed within certain limits to penpheral retinal stimulations (cf. 
§ 18. 6). Nothing positive can be said at present of the influence of 
brightness and saturation upon the duration of sensabons of colour 
tone. The question of duration is further complicated in the sphere 
of vision by the vividness of the after-sensations, whose durabon is 
dependent upon the intensity, duration and extension of the stimulus, 
and upon the character of its surroundings (§ 20. 2). The after-im- 
age produced by an intensive excitation may last for several mmutes. — 
It is clear, then, that no very certain statement can be made as to 
the duration of visual sensations. Putting the different results together, 
we may, perhaps, estimate it at sec. without negative after-image. 
We have already briefly referred to the numerous investigations into 
the rapidity of the rise and fall of visual sensabons (§ 19. 5). 

4. A theory of all these processes is evidently given with the 
assumption of a difference of physiological conditions for the different 
sensations. The transmission of stimulus will certainly be far more 
quiddy mediated when the skin is subjected to a mechanical pressure, 
than when it is exposed to the influence of heat or cold ; and we 
may reasonably suppose that the elastic tissue will show but little 
after-effect of the impact, whereas themral changes can disappear but 
slowly in such a bad conductor as the epidermis. The comparatively 
long duration of the visual sensation will not surprise us, when we 
remember that the process of stimulation is in all probability chemical 
in character (§ 21. 2); both decomposition and reparation of the sen- 
sitive substance will require a relatively long penod of time. The 
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tiansmission of stimulus in auditory sensation, on the other hand, is 
again purely mechanical, and therefore, we may imagine, quickly 
b^;iin and quickly ended. We conclude then, that all these differ- 
ences in the duration of sensations are the results of purely peripheral 
causes, brought about by the special conditions of stimulation in the 
various sense departments. — The rapidity of memorial unages appears 
to be precisely similar to that of the peripherally excited sensations. 
In the voluntary reproduction of successive ideas, however, the rate 
of advance is more slow. This is probably due to the necessary 
oscillation of the attention between term and term. The rapidity of 
succession of the separate independent ideas in a train of thought 
(in which there is no reproduction of a totahty of successive impres- 
sions as such) is similarly much more slow, and, therefore, the dura- 
tion of each idea much greater, than in the series of simple sensations 
Experiments give about f sec. as the time required for the transition 
from one idea to the next. 

S 65. The Estimation of Intervals. 

I. Investigations into the esbmation of intervals fall into two 
senes, the first dealing with least noticeable times, and the second 
with the sensible discnmination for mtervals. We will discuss the 
former under the heading of ‘temporal sensitivity,’ and the latter 
under that of ‘temporal sensible discnmination’: the rubrics are con- 
vemently brief, although the use of terms is not strictly accurate 
(§ 63. 3). (a) The Umporal s€nstttvtty . — The feet of most importance 
here is the dependency of the times found for the just noticeable 
interval upon the nature of the limitmg impressions. Exner discovered 
that the just noticeable interval between two successive visual im- 
pressions (electric sparks) given at the spot of clearest vision amounted 
to 44a. Experiments made under slightly different condibons m 
indirect vision put the just noticeable mterval at 49s If the stimuli 
excited different parts of the retina, central and peripheral, they were 
temporally just discriminable with a separation of 76*. If the light 
sensation was produced by electncal stimulation of the optic nerve, 
the interval fell to l6a. The evidence furnished by these figures 
of the dependency of the just noticeable interval or just noticeable 
succession upon peripheral stimulation is plainly parallel to that 
afforded by the values quoted in the previous Section of the same 
dependency in the case of duration (§ 64.4). The lengthening of 
the interval with stimulation of different parts of the retina, however, 
seems to indicate that central conditions of apprehension are also 
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concerned in the results.— Similar relations are found to obtain in 
other sense departments. Thus Exner discovered that the least no- 
ticeable mterval elapsing between auditory impressions was zc for a 
single ear, but rose to 64a if the two stimuh were separately conducted 
to the two ears. 

2. If the intervals are limited c&parate sense impressions, 
these two principles — the duration of peripheral stimulation and the 
apprehension of the two sensationB — cross each other in various 
wa.y9. Thus when a visual (electric spark) and an auditory stimulus 
(stroke of a bell) were given simultaneously, the auditory impression 
was sensed before the visual, m consequence of the more rapid 
transmission of the stimulus process m the labjninth. When the 
same stimuli were given successively, the just noticeable interval was 
r6oa in the order visual-auditory, but only 60s in the order 
auditory-visual. The difierence was less if an electrical cutaneous 
stimulus was substituted for the bell stroke. All these observations 
are in complete accord with the expenments on the determination 
of duration by the method of frequency, as regards the relations of 
peripheral stimulation. Still further corifirmation is derived from the 
occurrence of similar temporal differences in the simple reaction (cf. 
$ 69) Other things equal, a reaction to auditory stimuli occupies 
about iio«, a reaction to touch approximately the same time, and 
a reaction to sight about 200s. The figures show, once more, that 
different times are required for stimulus-transmission in different sense 
departments. — The other influence which we can trace m the expe- 
rimental results — the effect of local or modal separation of the im- 
pressions upon the cognition of an interval between them — is of 
greater psychological interest This influence is so considerable and 
its manifestations so similar that we are able on the one band to 
separate it sharply from the peripheral factors and on the other 
to refer it to a single psychophysical cause. It may be looked upon 
as a special instance of the general rule that our cognition or 
judgment of definite relations, differences or attributes is easiest and 
most certain when they are the sole objects of observation. Thus, 
it is very diflicult to cognise a difference of intensi^, as between 
two different qualities. We must leave it undecided whether the 
phenomena are doe to an unavoidable distraction of the attention, 
or a simple inhibition of reproduction. In conclusion we would again 
emphasise the fact that the object of judgment in many of these 
eiqieriments upon ‘intervals’ was very probably the just noticeable 
succession or even separateness (dualityl of the sense impressions 

(cf. § 63. 3). 
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3. (d) Th* temporal sensible dtscrimtnaUon . — It is customary at the 
present time to use the expression time sense with exclusive reference to 
investigations into the temporal sensible discrimination. Now in the 
first place this name is as misleading as the terms ‘space sense’ and 
‘sense of locality’, and should, therefore, be discarded; and in the 
second, the imphed restriction of the time judgment to one sharply defined 
problem is very undesirable (cf. § 55. 5). A more special objection is 
that the inclusion of all judgments of interval under the general 
rubric of sensible disctiminatioa for temporal magnitudes has been a 
serious obstacle in the way of a thorough psychological analysis, 
(i) The temporal judgment has three essentially distinct forms; one 
with ‘small’ mtervals up to about 0.5 sec., another with ‘moderate’ 
intervals between the limits 0.5 and about 3*0 sec., and yet another 
with ‘larger’ intervals beyond 3.0 sec. In estimating the very smallest 
times we do not compare the magnitude of two intervals, but the 
rapidity of succession of two pairs of impressions (§ 63. 5). In estimating 
moderate intervals we really compare the time-lengths themselves. 
Neither method is ordinarily apphcable to large intervals, and we con- 
sequently make our estimation of them by indirect means,— by the help 
of a subjective revival of the limiting impression, or of the contents 
of the time as it passes (phases of respiration or what not), etc. It 
is plain that these three different cases are not by any means co- 
ordinate. (ii) Again, our estimation of small mtervals in particular 
is liable to be modified by certain phenomena of rhythm, which give 
rise to definite temporal illusions and thus to definite variation of 
the temporal judgment These various factors have not as yet been 
satisfactorily isolated ; and the summarising of the experimental results 
it consequently attended with extreme difficult. 

4. The methods employed to test the temporal sensible discrimi- 
nation are those of minimal changes (in the strict sense; § 7. III.), 
right and wrong cases (as applied to difference determination; § 8. I.), 
and average error (§ 8. II.). A determination of the constant error 
has been attempted, besides that of the absolute and relative sensible 
discrimination. This constant error is indicative of an overestimation 
or underestimation of the standard time. The investigation of sensible 
discrimination has usually been undertaken with a view to the for- 
mulation of its dependency upon the magnitude of the times compared. 
Auditory impressions have been almost exclusively used as luniting 
stimuli, owing to their short duration and rapid rise and & 11 . The 
dependency of our estimation of intervals upon the quality of the 
limiting stimuli, however, has also been made the subject of erqreri- 
mental inquiry. 
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The following facts appear to have been established. The absolute 
sensible discrimination reaches its maximum both of magnitude and 
delicacy at an interval of 0*3 sec., where the absolute difference 
limen for a highly practised observer amounts to about 30 The 
decrease of the absolute sensible discrimination with higher time 
values seems to take the form of a constancy of the relative sensible 
discrimination; f.#., estimation is made m accordance with Weber’s 
law. But neither the fact itself nor the interpretation of the &ct is 
as yet quite certain, since judgments beyond the 0*3 sec. limit are 
not by any means necessarily based upon a pure duration estimate. 
The course of the constant error shows that, upon the whole, small 
times are overestimated and large times underestimated. The limiting 
value, an interval of 0'5 to o'6 sec., has been termed the interval of 
indifference, and is, of course, characterised by an approximate o-value 
of the constant error. It has further been found that the underesti- 
mation of large times is subject to a peculiar periodicity ; the constant 
error, while it increases witii increase of the mterval, sinks to a 
relative TninimiiTn at each simple multiple of the interval of indiffer- 
ence. We may remark that all these determinations of the constant 
error were made with the first interval as the standard time. And 
we must not oimt to mention that the interval of indifference has 
been assigned quite different positions (0*5 to 3*5 sec.) by different 
observers. 

5. It is only quite recently that an attempt has been made to 
formulate the vanous p^chological conditions of the estimation of 
intervals, (i) Judgment of small times, where the real object of per- 
ception is the succession of the sensory impressions, is, of course, 
very largely dependent upon the character (quality, intensity, duration) 
of these impressions themselves. Two objectively equal mtervals, 
limited respectively by visual and auditory stimuli, are differently 
estimated, the visual tune (if we may use the expression) appearing 
smaller than the auditory. Again, a visual time in indirect vision 
seems considerably longer than the same time in direct vision. And 
again, an interval which is limited by two more intensive sound im- 
pressions is taken to be shorter than an objectively equal interval 
bounded by weaker stimuli. All these obseavations Qlustrate the 
dependency of the temporal judgment upon purely sensory condi- 
tions, — the relative apparent duration of the limiting impressions. They 
are in complete accord with the determinations of the duration of 
sensations by the method of frequency (§ 64). We must, accordingly, 
suppose that the difference of the subjective interval, with strong and 
weak sound impressions, with visual and auditory stimuli, and with 
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direct and indirect vision, is due to the difference of duration of the 
limiting sensations. In other words, the results are not to be referred 
to a 'deception of judgment’, but to a simple incongruity between 
the objective times and the times given in sensation. 

(2) Another factor in the comparison of mtervals, of a different 
order from the forgoing, is the influence of rhythm, (a) It is a 
curious fact that the involuntary rhythmical apprehension of stimuli 
is confined to auditory impressions, {j}) The rhythmical division can 
be effected in a variety of ways: by objective alternation of mtensi- 
ties or qualities of the impressions, by the temporal dissociation of 
two successive terms of a stimulus series, by their difierent localisation, 
or by a purely subjective emphasis or ‘accentuation’ of a particular 
impression. The general result of rhythmical division is the production 
of a Hmt fringt, a subjective lengthening of the intervals lying 
before and after the accented impression. There can be no doubt 
that the alteration of the temporal judgment in this case must be 
referred to some more general condition than that just discussed (cf. 
the factors which detenmne temporal sensitivity; § 65. 2). 

6. (3) The judgment of time mtervals appears to be further dependent 
upon their aesthetic impression. If this is the case, we must recognise 
an influence of agreeableness and disagreeableness upon the estimation 
of the temporal attnbutes or relations of sensation, which is only 
paralleled by their influence upon spatial judgments (cf. § 34. 3). 
(4) Again, the smallest times are apprehended directly, in a single act 
of perception, whereas two moderate times given m immediate succes- 
sion are perceptible as distinct intervals. Time memory, i e , can play 
but a small part in the former judgment, while it is plainly implied 
in the latter. (5) And lastly, the estimation of mtervals from moderate 
tunes onwards is in great measure dependent on the character of their 
contents. This is sufficiently shown by the empincal cntena of lapse 
of time employed m ordinary life. The greater the number of different 
occurrences which have taken place withm a given period of time, the 
longer do we take it to have been. Our ordinary measure of the length 
of time, (>., is the number of impressions which it comprises. This 
fact stands in apparent contradiction to another ffict of common ex- 
perience,— that time passes more quickly (the given period is judged 
to be smaller) when it includes a vanety of expenences than when it 
is ‘empty’. But the contradiction is only apparent, and disajipeais 
when we remember that the contents of the pcnod in the latter instance 
entirely divert the attention from the passage of time and draw it upon 
themselves. If the content processes are of a monotonous or urunterest- 
ing cliaracter the time seems to pass very much more slowly (the 
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period is laigelj ovei^b'mated). Here again, then, we have a candi« 
tion of temporal estimation in general. 

7. It follows from this discussion that a theory of tiie direct judg- 
ment of time interval must begin with a distmcbon between speciai 
and general conditions. The former need hardly be discussed further. 
We may sum them up in the general proposition that all the peri- 
pheral frmtors which produce a change in the duration of sensation 
serve at the same time to lengthen or shorten an interval limited by 
sense stimulL The question of the nature and relative importance of 
the general conditions is more difficult to answer, (i) We may cer- 
tamly give attention the first place in the list; but in doing so we are 
only setting a problem in psychological analysis, of which no satis- 
factory solution has as yet been given, (ii) Expectation and surprise 
have been suggested as the basis of the temporal judgments ‘greater’ 
and ‘less’. But while there can be no doubt that these emotive states 
are to some extent involved in the formation of the judgments, it must 
be pointed out that their influence is at best of a purely secondary 
character, and that it is wholly inadequate to the explanation of 'a 
large number of the facts of temporal sensible discrimination. Thus 
(*) the attempt to reduce the overestimation of small and the under- 
estimation of large times to terms of expectation and surprise (as 
appearing eariier m the first case and later m the second) has proved 
altogether unsuccessful. {(I) Moreover, sensible discrimination reaches 
its maximnni with the smallest times, i.0., under conditions where it is 
admitted that the two emobons are hardly remarked at alL And lastly, 
(r) there seems to be no unequivocal relation between them and the 
judgments ‘greater’ and ‘less’. We may be surprised, *.g., that an 
interval lasts too long; and we need not expect that the second interval 
will be similar to the first, — expectation is not necessarily directed 
upon (predisposed for) equality of the stimulus times. We are, there- 
fore, led to the conclusion that these factors are not general conditions, 
but occasional and indirect criteria of the time judgment (iii) Again, 
an exaggerated importance for temporal estimation has been attributed 
to strain sensations. — There is a fundamental objection to all theories 
of this kind: their holders regard the temporal character of conscious 
processes not as something originally given, but as superinduced upon 
them by muscular sensations, the adjustment of the sensory attention, 
etc. Such a view is as inconcdvable and as epistemologically mistaken 
as is the strictly empiristic theory of the space idea (§ 57. 10). 

8. It must be left to future investigators to define more specifically 
the processes which we have termed ‘general conditions’ of temporal 
estimation. The effect of attention upon the temporal judgment 
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however, may be inferred with some decree of probabihty from its 
influence in other coimections. Two pomts in particular may be 
mentioned, (a) Every attribute of a conscious process is enhanced 
in the state of attention; quality becomes clearer, intensity more 
vivid, extension and duration larger. And this enhancement is appa- 
rently proportional to the concentration of the attention, so that the 
degree of concentration is correlated with a certam degree of change 
of the four attributes, {f) Every relation between conscious processes 
is made closer, stronger, and more evident in the state of atten- 
tion. The assodability and reproductivity of sensations are increased, 
all kinds of difierence between sensations become more distinct, etc. 
We may conclude from these facts (1) that, other thmgs equal, the 
apparent length of an interval is directly proportional to the concentra- 
tion of the attention upon it, and (u) that the distinctness of^ temporal 
difierence in consoousness, tx., its apparent magmtude, increases with 
attentive observation of its own nature or of the nature of the impres- 
sions which constitute it. Any thing which hinders or diminishes the 
concentration of the attention upon an interval or a temporal difference 
must also reduce the apparent duration of the tune, and decrease the 
delicacy of the temporal sensible discrimination. Now it is extremely 
difficult to hold the attention upon the time as such even in inter- 
vals of 3 to 4 secs., and almost impossible with longer tunes. The 
observation presupposes that consoousness is kept persistently empty 
of contents; and to effect and mamtain the inhibition of incoming 
contents requires a very considerable effort This effort manifests itself 
in an mtensive common sensation, which can plainly be employed 
for purposes of temporal estunation,— its intensity affording a direct 
measure of the lapse of time If the effort is relaxed (it is ordinarily 
shown in attentive observation in the general attitude of the body 
and the adjustment of the sense organs; cf. § 75. 2), r./., if exhaus- 
tion sets in, the attention is at once diverted from the exclusive object 
of perception, and other contents and relations begm to force their 
way into consciousness. This analysis is supported by the fact that 
the comparison of longer tunes than those mentioned (half a mmute 
and several minutes) is not only characterised by an extreme fluctua- 
tion of sensible discrimination, but has also g;iven a second reversal 
of the constant error, i.«., an overestimation of the standard time. 

We are able in this way to explain the underestunation of large 
times ; but we have not yet accounted for the overestimation of small 
intervals. Nothing is gamed from the analogy of the overestimation 
of small spatial distances, or from an appeal to the sjiecial (penpheral) 
conditions of rapidly recurrent stimulation. The comparison of sensations 
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of coircsponding duration will perhaps help towards the establishment 
of a definite theory. 

§ 66. The Perception of Temporal Position and of Frequency. 

I. Many of the expeninents recorded in the foregoing Section 
have a direct bearing upon the determination of temporal position 
and fiequency. Thus the observations of the least noticeable interval 
should in all probability be regarded as observations of just noticeable 
succession. The comparison of least intervals may be interpreted as 
the comparison of the rapidities of successive impressions. And the 
mtroduction of rhythm brings us to what we termed ‘period’ in our 
analysis of frequency (§ 63. 4) — The estimation of tmporal pontion 
may, as we have seen, be either or If we simply judge 

whether two impressions are simultaneous or successive, we are making 
a general estimation of temporal position. Just noticeable succession 
may, therefore, mean either just noticeable divergence from simultaneity, 
or the just noUceable distinction of' before ’ and ‘ after The general &ct 
of non-simultaneity is cognised more quickly and easily than its direc- 
tion. The special estimation of temporal position indudes the judg- 
ments of direction and rapidity. A direct estimation of succession is, 
of course, possible only at a certain rapidity of recurrent stimulation; 
just as the direct estimation of movement is restricted to a certain 
zone of movement velodty (cf. § 59. 9). The upper hmit of rapidity 
at which succession is noticeable may, perhaps, be inferred from the 
observations on the least noticeable interval ; the lower limit of rapidity, 
below which a direct piercepbon of succession is imp<»sible, has not 
been ascertained and is not in any case capable of accurate defimtion. 
No express expieriments have been made, so far as the author’s know- 
ledge extends, ujxin the condibons of the judgments of ‘ before ’ and ‘ after ’. 

2. The general estimation of temjxiral pxsition forms the subject 
of inquiry in a series of exjierimental researches upon the vahdity of an 
astronomical method, the ‘eye and ear’ method. It was foimeriy 
customary in astronomy to determine the time of the movement of a 
star across the field of a telescope by the aid of a number of fine 
parallel threads in the eye-piece of the instrument (eye) and the seconds 
strokes of a piendulum clock (ear). The basis of calculation was the 
coincidence of a definite pxisition of the star with a beat of the pien- 
dulum. The differences in the results of different observers and of 
the same observer at different times gave occasion to a spiedal inves- 
tigation of the conditions under which the simultaneity of impnessions 
was here estimated. Wundt constructed an apipiaiatus, which combined 
the continuous movement of a visual impression with intermittent 
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auditoiy or tactual stunulation, and thus allowed of an accurate repro- 
duction of the arcumstances of astronomical observation ('complication 
pendulum’). In this instrument the rapidity of movement can be 
vaned within wide limits, and the auditory or tactual impressions 
brought into different temporal relations with the visual series, so that 
the simultaneity of two or three given impressions can be estimated 
under very different conditions. The experiments show that the 
direction of the attention is of determining importance. If the atten- 
tion is predominantly or exclusively directed upon the visual series, 
the auditory stimulus is referred to a later visual impression than 
that which it really accompanies; i.t., two impressions are judged 
as simultaneous, of srfiich the auditoiy is actually the earlier. If on 
the other hand (as usually happens when this appaiatns is employed), 
expectation is concentrated on the auditoiy stimulus, the sound is 
combined with an earlier visual impression than that which it really 
accompames; i.e., two impressions are judged as simultaneous, of 
which the auditoiy is objectively the later. The time displacement 
in the latter instance cannot be exclusively due to penpheral condi- 
tions, i.t,, to the more rapid rise of an auditory sensation (cf. § 65. 2), 
smce imder certain circumstances it may readi the value of \ sec. 

3. The for^[Oing aiguments are confirmed by the fact that this 
negative time-displacement (m which die auditory unpression comades 
in perception with an earlier visual impression than that with which 
it is objectively combined) is reduced by the mtroducdon into the 
experiment of a second disparate impression. The new stimulus is 
taken to be simultaneous with the auditoiy: there is no secondary 
tune-displacement. If a third impression is added, whether disparate 
or of similar quality to either of the onginal impressions, the comj^ex 
is referred to a later term of the visual senes than that which it 
really accompanies. And the introducbon of a fourth comphcation 
still further increases the value of this positive displacement The 
plain conclusion from these observations is that the rapidity of ap- 
prehension of the complicating sensations (the sensations which are 
to be brought into connectaon with the visual impression) is greatly 
diminished by increase of their number. The same condnsion is 
required by the &ct that complication by a number of impressions from 
the same sense department is much less effective for time-displacement 
than complication by the same number of disparate stimuli (c£ 
also the results of Exner’s experunenls, mentioned above: § 65. i, 2). 
Sbll further confirmation of our general theory is furnished by the 
possibility of arbitrary correlation of the visual and auditoiy impres- 
sions. The continuous series of visual stimuh is given by an indei^ 
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moving round a circle upon which its separate positions are marked 
in degrees. It is, therefore, not difficult for the observer to impnnt 
iqxrn his mind some definite pc»ition of the moving index, and to look 
for the occurrence of the auditory impression at that point. If the 
attention has been ‘trained’ to make this connection, displacement of 
the auditory impression is possible within wide limits. — If, then, we 
abstract from the sensory conditions of the time-displacement, we may 
bring all these observations under the single principle, that the rapidity 
of the perception of a sense impression is essentially dependent upon 
the degree of attention which it receives. 

4. The determination of the freqtuncy of successive impressions 
involves (a) judgments of the direction and rapidity of their succession, 
and (fi) judgments of the duration of the intervals between successive 
contents, of each content itself, and of the total series of intervals and 
contents. But it also imphes two new judgments, (y) the judgment of 
number, and (i) the judgment of period or rhythm (§ 63. 4). Only 
the first of these two special factors has been subjected to thorough 
experimental analysis; the second has never been made the object of 
special investigation, m spite of its unportance for music and discourse, 
(i) The question of the numbtr of successive impressions has not been 
raised m this particular form, but certam of the phenomena have been 
exammed in connection with the problem of the ‘ range of conscious- 
ness’. The method employed was that of the determination of the 
greatest number of successive auditory stimuli which could be cognised 
with any high degree of certam^ A series of successive metronome 
beats was compared with another group of similar impressions; and 
a limit of accurate comparison was found in terms of the number of 
stimuli and the rapidity of their succession. We need not attempt 
to decide whether or not it is necessary for the purposes of this com- 
parison that all the members of the series should be conceived of as 
present in consciousness at different degrees of distinctness, — the first 
impression being just above the conscious limen when the last is given. 
We do noli venture an opinion on the controverted question 
whether these experiments have really measured the range of con- 
sciousness. In any event, they furnish valuable material for the analysis 
of the judgment of number, with which we are here concerned. 

5. The results may be summarised as follows. («) The most favour- 
able rapidity of succession was given with intervals of 0*2 to 0*3 sec. 
between the separate sound stimuli; f>, it was under these conditions 
that the longest series could be accurately compared. The maximal 
number of separate impressions was 16. Serial comparison became 
practically impossible at a higher limit of O'l sec. intervals, and at a 
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lower limit of 4 sec. intervals. (( 1 ) Comparison was considerably easier 
with an even number of impressions than with an odd number. This 
fact dearly points to the influence of rhythmical division of the stimuli, 
— which, indeed, was extremely apparent throughout the whole course 
of the experiments. Where the series could be divided into periods, 
the apprehension of the total number of impressions was very greatly 
fedlitated. Abstention from rhythmical division would seem to be not 
impossible, but the tendency towards it is extraordinarily strong. The 
formation of simple periods of two impressions is almost mevitable, 
whatever precautions are taken, and very possibly accounts for the 
greater range of judgment with even numbered series. The maximal 
number of 16 impressions is probably reduable to 8 double impres- 
sions. If periods of 8 stimuli are formed, the limit of accuracy of 
comparison rises to 40 separate impressions, which are thus arranged 
m five penods.— When we ask for an explanation of this comparison 
of groups of successive stimuli, the hypothesis at once suggests itself 
that accustomedness to a defimte number leads to an involimtary 
tendency on the part of the observer to reproduce the succession of 
sounds in its origi^ length and at its original rapidity If, therefore, 
the second series is an exact repetition of that to which the subject 
has grown accustomed, its likeness to the standard would then be 
vouched for by the absence of any expectation of farther stimulation 
and of the surprise which would be aroused by its premature conclusion. 
But it is undeniable that these indirect cntena may qmte well be 
dispensed with, and that the actual comparison of the senes is often 
directly made. We are thus forced to the conclusion that the inter- 
connection of a number of successive stimuh represents a relation of 
conscious contents no less original than that of simultaneous stimuli, 
and that senes may be compared as directly as time intervals, mten- 
sities, etc. Expectation and surprise, whatever part their predisposition 
may play in the determination of a given number of successive 
unpressions, are no more the necessary conditions of serial comparison 
in general than they are of the intercomparison of numbers of points 
or lines simultaneously presented in the field of vision. Before any 
more definite statement can be made, however, further experiments 
must be instituted, and in particular the conditions of judgment varied 
and their effects noted. In all probabihty, these observations of 
simultaneous groups or successive series constitute the first psychological 
beginnings of the concept of number. The elementary discrimination 
of visible or audible contents in terms of number, when all other 
attributes or relations are given equal, cannot possibly be referred to 
any more fundamental phenomenon. 
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6. (u) The great importance <rf rhythm in any kind of auditory 
sequence has suggested the hypothesis that it is the specific time 
sensation. It is certainly true that senes of very different quality may 
be heard in the same rhythm, and that precisely similar impressions 
may be given very different rhythmical division in perception. The 
impression of a particular rhythm, again, may be due to widely divergent 
causes; any difference of r^qlar recurrence in successive pairs of audi- 
tory stimuli, whether it be intensive, qualitative or temporal (difference 
of interval), can give rise to one and the same rhythmical division. 
The ‘times’ of musical rendition are not by any means necessarily 
identical with particular rhythms. Musical ‘time’ marks the value and 
the mutual relation of the separate notes; while rhythm may take on 
the most different forms, according to the nature of the regular inten- 
sive changes, pauses, etc, within the time. The great variety of 
musical effect u, therefore, due to the possible variation of rhythm under 
a constant time rubnc The same thing applies to poetic composition, 
where again the prescribed metre is not the exclusive determinant of 
rhythm. It is noteworthy that the typical rhythmical forms appear to 
be restricted to three successive impressions. Beyond this limi t we 
sunply have repetitions of the various types possible with two and 
three impressions. In bimembral rhythms, either unpression may be 
accented. But only two forms of tnmembial rhythm have been 
developed, those in which the accent falls upon the first and third 
term. These rules are illustrated in the four common metres, — the 
iambic, trochaic, dactyhc and anapaestic A rhythm of four impres- 
sions IS always reducible to two bimembral rhythms, the one of which 
(usually the second) has a weaker accent than the other. A seximembral 
rhythm is analysable in the same way into periods of two or three 
impressions. Nothing defimte can be said at present of the conditions 
of the various rhythmical phenomena, as the necessary investigations 
have not been earned out 
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Chapter III. Spatiai. and Temporal Coluqatiqn. 

§ 67. The General Phenomena of Colligation. 

t. Nothing shows more plainly the peculiar character of spatial 
and temporal colligation than the separate treatment which timi» and 
space have received, altogether apart from the conscious contents of 
which they may be predicated as attributes. The intensity of a 
sensation or feeling is known and rated simply as the intensity of a 
particular process of the particular kind: but rhythm and figure, 
extension and duration, locality and number seem to indicate contents 
tut gentru, which, however regarded — whether from the objective 
standpoint of natural science, or under the conditions of a purely 
formal inquiry, or from the point of view of psychological experience — 
are something more than mere attributes of an underlying reality. 
This is undoubtedly the reason of the special position accorded to 
space and tune in psychological treatises. But there is one observa- 
tion in particular which seems to give a reason for their isolation : the 
&ct that the temporal and spatial attributes of conscious contents are 
always and everywhere easy of combination into total impressions. A 
simultaneous presentment of different colours takes rank at once as a spatial 
whole, a successive presentment of different tones as a temporal whole. 
This independence of the temporal and spatial total impression has 
helped more than anything else to obscure the psychology of space 
and time, and to raise them above their true level as attnbutes and 
relations of conscious contents to the dignity of specific and elementary 
quahties. It must be emphatically stated that the observation quoted 
just now is not without its analogues in the sphere of intensity and 
quality; it merely shows us a fitmiliar phenomenal in an extreme 
form. We are already acquainted with the qualitative total impression 
and the total intensi^ of the fusion; and we know that it is possible 
to compare the intensities of two contents within the same sense 
depiartment, even if they are different in quality. On the other hand, 
there are limits to the independence of the spatial and tempsiral 
attributes: their variation with the nature of the sensations to vdiich 
they attach is a fact which we have fiequently had occasion to note 
in the two preceding Chapters. 

2. It is not only in the nature of the total impression, however, 
diat spatial and temporal colligation differs from fusion. The connected 
contents themselves possess a distinct character in the two cases. 
Analysis is made more difficult by fusion, easier by colligation. The 
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apprehension of the tones contained in a chord is a very different 
matter from their separate perception in a mottf or a melody ; sind 
while it is difficult enough to distinguish colour tone and bright- 
ness in a colour impression, it is relatively easy to discriminate the 
various colours and the distribution of light and shade in a picture. 
It might seem, thadcue, as if the title of temporal and spatial 
disjunction were more applicable than that of colligation. But that the 
proximity of different impressions in tune and space renders really 
important service for analysis, better service than any given degree of 
diqunction, is shown by the fact that their difference is brought out 
wiffi especial clearness under the conditions of temporal and spatial 
contiguity. Whatever we are accustomed or inclined to regard as a 
unitary object, we endeavour to make as uniform as possible m quality. 
Thus, we furnish our rooms upon a single colour scheme, and avoid 
the juxtaposition of gay tints in our clothing. And if we wish to 
bring out the effect of a figure in all its purity, we have it copied or 
represented in a substance of homogeneous quality. Thus a statue 
or a building makes the most direct impression upon the mind when 
it is left in monotone and not painted over and particoloured But, 
again, it is not only the quality of conscious contents that is thrown 
into stronger relief by spatial or temporal colligation; intensities also 
become more vivid under its influence In any series of experiments 
upon the intensive sensible discrimination, the best results are obtained 
with a temporal succession or spatial collocation of the compared im- 
pressions. And the same rule holds, of course, for the spataal and 
temporal attributes of the conscious elements. 

3. This brings us to a thud point of difference between fusion and 
colHgadoiL In the former case a content cannot be said to be ade- 
quately defined by a simple enumeration of the qualities which are 
connected at the moment For fusion itself is not an unequivocal term ; 
the connections as well as the terms of connection are capable of 
variation within wide hmits. On the other band, a conscious content 
is individually characterised and completely defined by its position 
within a temporal or spatial coi%ation. We have already had occasion 
to mention this fact: it helped us to explain the exceptional importance 
ascribed by psychologists to the ‘ law of contiguity ’ in the doctrine of 
association of ideas (cf. § 5a 4). 'Position’ is us^ of course, in both 
its meanings : temporal position constitutes the individual definition of 
a content in respect of time, and spatial position or locality gives it 

> I once uw a honie in Sooth Gennany die pait-ownenhip of which by two 
penonf wai faSdently indicated by a ample difference of colour, the line of jonctloa 
of tha numing op tit# of tiio front door* 
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an unmistakable characterisation with regard to space. It is in this 
property of colligation that memory finds its chief support, and in 
practical life it furnishes the most effectual means for the mtelligible 
communication of experience by mmd to mmd —All these influences 
react upon one another. The independence of the separate contents 
in spatial and temporal colhgation prevents the formation of any but 
a temporal or spatial total unpression, and, on the other side, the 
general intercoimection of all determinations of space and time gives 
each particular content an entirely individual significance Agam, the 
idea of a singie object, of a thing as such, is best secured by the 
unifonmty of its quahty We have referred to the distmchon which 
has been drawn between sensation and perception (§ 61. 6) One of 
the principal arguments alleged in favour of the distincbon is that 
perception implies a deliimtation of separate objects, which is pos- 
sible only by the help of spatial or temporal disjunction From the 
psychological pomt of view, however, we must msist that the reason 
for this disjunction caimot be looked for m the spatial or temporal 
determinations themselves. On the contrary, nothing is more probable 
than that tracts of space and time, as originally given, mediate total 
impressions exdnsively, and that the differentiation of these is effected 
only by the aid of definite contents or content complexes 

4 We have already said somethmg of the special forms of spatial 
and temporal colligation (§ 42) (i) The phenomena of spatial colli- 

gation fall into two groups, (e) The first comprises coUigations formed 
within the sphere of touch and vision, » e , under circnmstances which 
admit of a direct space judgment The phenomena of visual contrast in 
parucular furnish a stnkmg illustration of the various properties of 
spatial colhgation which we have just been discussing There is, of 
course, no tactual contrast in this meaning of the word, for the simple 
reason that the cutaneous sensations do not exhibit any considerable 
number of quahtaUve differences On the other hand, something 
analogous to visual contrast is found in the mterrelabon of tactual 
intensities. And in both sense departments we have what is called 
contrast of magmtude, an enhancement by colligation of a given 
difference between two spatial determinations. (/}) Contrast phenomena 
of more indirect origin are observed when there are differences in the 
localisation of two non-spatial contents. 

Visual contrast is the only one of all these processes which has been 
discussed and investigated m detail; and we shall, therefore, devote a 
special Section to its consideration. Two forms have been dis t in g uish ed, 
a timul/antota and a tuccesstvt contrast The latter appears when the 
visual sensations are given in temporal succession, i.*., imphes temporal 
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as well as spatial colligation. We have briefly noted its influence npon 
the sensible discrimination of tones (§ 14. 4), and of cutaneous inten- 
sities (§ 2j. 3). The serial order of the separate quahties is an im- 
portant aid to their clear apprehension, as well as to their accurate 
discninination. The stimuli, however, must not be given in immediate 
succession, or the after-efiect of each precedent excitation will interfere 
with the cogmtion of the following. If the sensations are to reap tlie 
full benefit of their temporal colligation they must be separated by 
intervals adjusted to the conditions of stimulation in the difierent sense 
departments (§ 64; § 65. i, 2; cf. 2 above). 

5. (2) Temporal colligation is co-extensive with consciousness: it is 
the most general form of interconnection of conscious processes But 
its laws and conditions have only mcidentally been made the object 
of special inquiry. It is true that two types of temporal colligation — 
reproduction and action— have been recognised and investigated as 
independent processes. But even here the observer’s interest has been 
principally centred upon secondary phenomena; in the case of repro- 
duction, upon the conditions of colhgation, the difierent ‘associations’; 
and in the case of action, iqion the variation of the total duration 
•with variation of determining influences. We shall, therefore, spend 
no more time here upon the process of reproduction, but will refer 
the reader to the discussion in Ft I, Chap. 4. The rules which hold 
for the fusion and colhgation of peripherally exated sensations can 
be easily applied to centrally excited contents. The same difierences 
exist between the two types of coimection m both spheres, though 
naturally altered in absolute amount by the wide divergence of peri- 
pherally and centrally exated sensations. Hence we did not hesitate, 
when we were considering centrally excited sensations as such, to 
extend our investigation beyond the separate contents to their intercon- 
nections § 31. 6). — We give the name of reaettotu to those types 
of action which are accessible to scientific examination, ij., which 
are initiated by a peripheral impression. Both simple and compound 
reactions will be considered in the present Chapter. The mention of 
reactions concludes the list of colligation processes of which we have 
any exact knowledge at the present stage of psychological inquiry. 

§ 68. The Contrast of Brightness and Colour. 

I. The law of contrast holds within both of the great divisions of 
visual qualities, and the phenomena of contrast itself accordingly fell 
into two main classes. If two difierent brightnesses are observed simul- 
taneously or in succession, each seems to throw the quality of the 
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Other into higher relief; and two different colour tones act and react 
upon each other in a precisely similar manner. But curiously enough, 
no such result is produced by the juxtaposition of colour tone and 
brightness. The purity of a white is not enhanced by coloured sur- 
roundings, and a precedent or simultaneous brightness has no direct 
effect upon the saturation of a colour. There is, i.t., no such thing 
as a contrast of saturation, in the stnct meaning of the word. Where 
the term is employed, it usually denotes the influence of the degree 
of saturation of the separate colours upon a resultant colour 
contrast Besides the distinction of brightness and colour contrast, 
we have those of simultantous and successive, and of monocular and 
binocular contrast phenomena These expressions, however, do not 
designate new facts of contrast, but only different conditions or cir- 
cumstances under which the processes of bnghtness and colour con- 
trast appear. Again, a distinction has been drawn within the sphere 
of simultaneous contrast between contrast of margin, which arises when 
the contrasting surfaces are m direct contact, and contrast of dutance, 
which occurs when the two fields are separated by a considerable 
interval. Here too, however, the expressions merely call attention to 
the dependency of contrast upon the distance which separates the 
interacting qualities. The colour or bnghtness which influences another 
by way of contrast is commonly known as the inducing, and that 
which is changed by contrast as the induced; while the normal ap- 
pearance of the latter, previous to its induction, is termed the reacting 
quality. As a matter of fact, contrast is always reaprocal, consisting 
simply m an alteration or enhancement of the normal difference between 
two qualities. But the terms just defined are exceedingly useful in 
experimental investigation, for the unequivocal specification of the 
objects compared. 

2. {a) Contrast of brightness. — The general rule of bnghtness contrast 
is that when two bnghtnesses of different quahty are seen simulta- 
neously or in succession, the difference between them is apparently 
increased. If we have before us a small white square upon a white 
surface of the same quality, a similar square upon a gray surface, and 
a third square of the same kind upon a black background, the first 
will appear darker and the last lighter than the other two. The 
conditions of brightness contrast are general and special. Under the 
former head fall attention, fatigue, etc., — all the processes which we 
found to have a general influence upon sensible discrimination (§ 5). 
There are four special conditions: the absolute brightness of the con- 
trastmg qualities, their brightness difference, their extension and their 
distance from each other, (a) The absolute bnghtness of the impressions is 
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of importance because a noticeable enhancement of its quabty is pos* 
Bible only within certain limits. If either of the stimnh approaches the 
upper or lower limit of brightness sensation, no noticeable brightening 
or darkening can be expected to result from its contrast with the other. 
Moreover, the constancy of the relative sensible discnmmation for 
brightnesses (§ i8. 5) means that the absolute amount of difference 
necessary to produce a noticeable change of quality is directly pro- 
portional to the degree of brightness of the reacting surface. Contrast 
effects between brightness sensations will accordingly be noticeable 
only within certain lumts It will not be found, f.g, that a dear sky 
is noticeably brightened if we hold some small dark object before the 
eyes as we look at it -It follows from these statements that we can 
distinguish different degrees of contrast, and that each must be capable 
of quanutative expression To obtain a measure for the magnitude 
of a contrast effect, it is only necessary to compare the induced 
brightness with a bnghtness of the same quality as the reacting surface, 
and to vary the latter until the two are apparently equal. The amount of 
change which the reacting bnghtness undergoes gives the measure required. 

3. (§) The second special condition is that of the hrightnest dtffennc* 
of the two surfaces. It is found that the degree of contrast reaches 
Its maximum with a moderate difference between the inducing and 
the reacting surfaces. If the difference is too small or too great, 
no contrast effect is noticeable. Within certam limits the most 
favourable relabon between the two impressions appears to remain 
constant, to be independent of their absolute brightness It is 
expressed by the proporbon i : 4*76. No systematic investigation 
has been made into the influence of the distance which separates the 
contrasting bnghtnesses. As a general rule, contrast of margm, which 
appears at the line of division between the two adj'acent qualities, is 
more intensive than the contrast produced when the reacting and 
inducing sur&ces are placed at some little distance apart But the 
exact rate of decrease of degree of contrast with increase of distance 
has not yet been determined. (#) On the other hand, the dependency 
of contrast upon the extension of the inducing surface has been very 
thoroughly investigated. Kitschmann has discovered that the degree 
of contrast increases in direct proportion to the linear extension of 
the mducing stimulus or to the square root of its areal contents. The 
law is valid only within certain limits. It suggests at once the influence 
of extension upon apparent brightness, of which we have previously 
spoken (§ 18. 7). Increase of extent, i.e., has the same effect, under 
certain conditions, as increase of brightness. — The same rules probably 
hold for the brightness contrast of colour impressions. 
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4. {b) Contrast of colour . — The general conditions of colour contrast 
are the same with those of brightness contrast. There are three sets 
of special conditions : the quahty of the colour tone, and the difference 
between the inducing and reacting colours; the saturation and satu- 
ration difference of the particular colours; and lastly, then extension 
and distance from each other. («) The only specific influence which 
can be attributed to colour quality as such is that it tends in every 
case to tinge the surrounding surface with the complementary quality. 
No noticeable effect is produced, however, unless the reacting quahty 
stands at a very low level of saturation. The complementary colours 
are those which show the widest subjective divergence in the colour 
series (cf. § 17. 4). Here again, therefore, contrast consists in an 
enhancement of the normal difference between two quahties. The 
dependency of contrast upon the difference between the colour tones is 
twofold. In the first place, it reaches an upper and lower limit at a 
certam maximal and minimal d^;ree of difference. Thus, no change 
is produced in a red object whether we place it against a background 
of its own quality or on a bluish green surface ; whereas it is slightly 
altered in the direction of purple if its surroundings are green, and 
takes on a weakly bluish tinge if they are yellow It follows that 
the highest degree of colour contrast is produced when the two 
qualities he fairly near each other on the colour scale. In the second 
place, it is important to note that the strongest contrast effects are 
obtamed under conditions which exclude a simultaneous brightness 
contrast, i.e., when the brightnesses of the reacting and inducing colours 
are subjectively equal. 

5. (p) The saturation of a colour tone militates against the effect 
of contrast; 1.#., the more saturated the colour, the less is it liable to 
apparent alteration by its surroundings. As we may regard gray or 
white as the lower limi t of the saturation of any colour, it is clear that an 
inducing colour will produce its maximal contrast effect upon a colourless 
surface of equal brightness. It has been experimentally shown that the 
mduced surfiice, under these circumstances, takes on a distinct comple- 
mentary tinge. Here again, the magnitude of the contrast effect can be 
measured by the amount of colour of the same quality with the inducing 
which is required to cancel the complementary tone of the induced 
surface. The degree of saturation of the inducing colour itself is of 
considerable importance for the result It seems probable, from 
Kirschmann’s investigations, that simultaneous contrast between a colour 
impression and a g;ray of equal brightness increases in logarithmic 
proportion to its saturation, i./, in accordance with a rule whose 
formulation is identical with that of Weber’s law (cf. § 26). As r^rds 
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the influence of saturation dtffermcs, contrast is maximal when the two 
coburs possess a moderate degree of saturation This fact may be 
deduced a priori from the consideration that each of two given colours 
induces the other, and that the inverse variation of their induction 
with increase or decrease of saturation does not proceed in the same 
numerical proportion, (y) The influence of extension and distance 
upon colour contrast is probably the same with their influence i^n 
brightness contrast; but the question has not been definitely investigated. 
The contrast of margin is again especially vivid. But it is noteworthy 
that distmctness of outline or steady fixation of the margin of the 
colour surfaces diminishes the degree of contrast The same result is 
produced by the introduction of a narrow strip of difierent quality 
between the adjacent borders of the reacting and inducmg surfaces 
6 . Both kincb of contrast are in great measure dependent upon 
the duration of the brightness or colour stimulation. One quite recent 
experiment is bf peculiar importance for the theoretical explanation of 
the contrast effect It was found that the duration of the electric 
discharge of a Holtz machine (calculated at about nsi A iB in i sec.) is 
fully sufficient to produce a distinct impression of contrast, udiich 
cannot be destroyed by any previous suggestion which may have given 
a wrong direction to expectation. The unpression arises mstantaneously, 
and remains unchanged during the course (approximately sec.) of 
the subsequent afler-unage. In all probability contrast reaches its 
maximum very soon after the b^mning of the observation; then 
decreases; and finally, if the surface is persistently fixated, changes 
to an induction of the same quahty with the reacting li^t. The 
effect of successive contrast is precisely simiJar to that of simultaneous, 
but is difficult to distinguish from the after-image phenomena, to 
which it bears a very close general resemblance. Observations have 
also been made upon binocular contrast, i.e , the transference of the 
contrast effect from the stimulated to the unstimulated eye. It must 
not be supposed, therefore, that the processes described hitherto are 
set up only by monocular fixation The difference between them and 
binocular contrast is simply this: that they are the result either of 
monocular perception or of a simple co-operation of the two eyes, 
whereas binocular contrast (in this special sense) presupposes a separate 
functioning of either eye (cf. the 'direct’ and ‘crossed’ after-images: 
§ 20. i). It may be laid down as a general rule that the after-eflect 
of monocular stimulation in the unstimulated eye is altogether similar 
to that produced under ordinary conditions, except that it is weaker 
and less sharply defined. But even when the two fields of vision are 
not completely separated, and more especially in experiments upon 
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the stereoscopic combmation of objects of different spatial position, 
we sometimes have the occurrence of phenomena which are referred 
to binocular contrast, and which are intimately related to the phenomena 
of lustre, of reflection, and of retinal nvalxy. All these binoculm effects 
require for their origination a sufficient difference between the im- 
pressions perceived by each eye, in conjunction with an approximately 
equal d^ee of clearness or vividness. A very important part is 
played in the rivalry of contours by voluntary or mvoluntary movements 
of the point of regard, and by the momentary direction of the atten- 
tion, which may g^ve either of the images a temporary advantage over 
the other. 

7. The theory of the phenomena of visual contrast constitutes a 
corollary to the theory of vision m general; and the forms which it 
has taken have been as different as the different theories of visual 
sensation (cf. § 21). Helmholtz interprets the contrast effect as a 
deception of judgment A dwarf looks shorter than he really is, if he 
stands beside a giant ; and the giant looks taller than he otherwise would, 
when the dwarf is by his side. In the same way, a light object on a 
dark background is taken to be brighter, and a dark ol^ect on a light 
background to be darker, than theur qualities really are, as represented 
in perception. But this theory meets with very considerable difficulUes 
as soon as ever it attempts the explanation of colour contrast It is 
difficult to see why the deception of judgment should always change 
sensation in the direction of the complementary quality. And there 
are other objections. The hypothesis cannot account for the actual 
magnitude of the contrast effect; and the demonstration of its existence 
with a minimal duration of stimulation would seem absolutely to preclude 
the possibihty of a deception of judgment. Wundt holds that the 
phenomenon of contrast, like Weber’s law (§ 26. 4), is a particular 
expression of a general law of relativity. This view, again, seems 
untenable, at least as an explanation of colour contrast There can 
be no doubt that the apprehension of a sensation is dependent upon 
the character of the other conscious contents of the time; but this 
fact does not enable us to imderstand the magnitude of the contrast 
effect, and the spiedfic direction which colour contrast follows. We 
do not mean to deny that the phenomena of visual contrast point 
to conditions of a general or central nature. These are necessary to 
account for the umversality of contrast, — which obtains between mtensihes 
and tracts of space or time as evidently as it does between quahties; 
and the magnitude of contrast is most certainly influenced by all those 
conditions of sensible discrimination which lead to the results formu- 
lated in Weber’s law. But the close relationship of contrast phenomena 
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to after-images shows with equal plainness that they must be referred 
in part to dehmte penpheral condiUons. Henng has proposed an 
exclusively peripheral theory of contrast, or as he phrases it, of simul- 
taneous and successive light induction. On this hypothesis, the stim- 
ulation of any part of the retina by way of dissimilation (t by white, 
red or yellow) disposes the contiguous parts to processes of assimilation 
(i.f., arouses a tendency to sensations of black, green or blue), and 
vict versa. A similar reason is allied for the effect of successive 
excitation by the same stimuli. It is clear that every penpheral 
theory of visual sensation which can give account of the phenomena 
of after-images will also be able to furnish a plausible explanation of 
the conditions of contrast effects. But even a penpheral theory meets 
with a whole number of difficulties and disputed points, the final reso- 
lution of which IS not possible in the present state of our knowledge. 
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§ 69. Simple Reactions. 

1. A reaction (§ 63, 2) is a movement made in response to a sense 
impression. If it follows directly upon the reception of the impression, 
we have a simple reaction; if some further conscious process is mter- 
polated between sensation and motor innervation, a compound reacbon 
The simple reaction, therefore, is very similar to the physiological 
reflex, in which a movement of definite muscle groups results from the 
direct transmission of a sensory stimulation to motor centres, without 
the partiapation of consciousness. Indeed, no sharp line of distinction 
can be drawn between the reflex and the simple reaction. The reaction 
experiment consists in the measurement (by an electric clock or by 
graphic registration) of the duration of the whole chain of processes from 
the moment of stimulation to the execution of the movement The 
experiment is useful in two wa)rs. («) The differences m the times 
obtained serve to express the quickness or slowness of the part-processes 
contamed in the reaction, and mdicate the direcUon and magnitude 
of the various influences to which it is subject, And the frequent 
repetition of the same act enables us to analyse with some degree of 
certainty the various factors which compose the reaction itself. This 
analysis is of especial importance in view of the high degree of com- 
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plexity which actions ordinarily exhibit The reaction is simply the 
exact type of all actions, as they are called in the psychology of 
everyday life, which are initiated by an external stimulus. The reaction 
experiment, therefore, presents many points of mterest aside from the 
question of its duration. It helps us to understand the nature and 
conditions of our practical relations to the external world. And it has 
contiibnted largely to our knowledge of the sensory conditions of 
sensation, of association, of the connecbon of consaous elements, etc. 
The wide range of its results has naturally rendered it a favourite 
object of investigation in experimental psychology But physiology and 
astronomy are also interested in the measurement of reaction tunes 
physiology, because it supphes a method for the determination of the 
rate of propagation of a sensory nervous excitation; and astronomy, 
because the registration of observabons of stellar transits consists simply 
in the execubon of reacbons. 

2. The durabon of a sunple reaction is dependent upon external 
and internal conditions. (1) The most important external condition is 
the quality of the imbatoty sense impression. Reaction to light lasts 
about 80a longer than reaction to sound or pressure; reaction to taste 
is also comparatively slow, and reaction to smell and temperature 
slowest of all. The intensity of the impressions is undoubtedly of 
importance in the sphere of vision and temperature the stronger the 
stimulus, withm certain limits, the shorter is the reaction time. On 
the other hand, there is no certam proof of a parallel inJluence of 
intensity when the stimuli employed are auditory or electrical-cutaneous 
All these phenomena are referable to purely physiologictil causes, and 
present a complete analogy to the phenomena of the duration of 
sensations (§ 64). (u) The changes which are due to the influence of 
mtemal conditions are of greater psychological importance. Besides 
altering the durabon of the whole act, they usually imply a qualitative 
modification of its contents. Esjiecially important m this connection 
is the preparation of the subject for the reaction. If the stimulus is 
given unexpectedly, the reaction time is considerably lengthened, and 
in many cases an emotion is produced (the reactor is surprised or, m 
extreme instances, startled), which is directly inhibitory of the requisite 
motor innervation. Even when the expectation is adequately adjusted 
to the experiment, the results difler very widely with its direction and 
intensi^. It is customaiy to distinguish two types of simple reaction; 
the sensorial or complete and the muscular (motor) or abbreviated 
forms. The reaction is sensorial, when expectation is directed on the 
sense impression, and no special preparation is made for the movement. 
It is muscular, when expectation is concentrated as exclusively as 
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possible on the answering movement, and no particular preparation 
is made for the sense impression. The psychology of these forms of 
eiqiectation differs very widely in actual experimentation; capacity of 
reproduction varies in different individuals, and the degree of prepa- 
ration does not lemain constant for the same subject. Thus, if the 
reactor is unable to ideate a sense impression with sufficient vividness, 
he will give the prescnbed direction to his expectation by the help 
of judgments of an appropriate kind, or of the orgamc sensations 
aroused by the stram in sense organ or organ of movement, or perhaps 
of visual ideas of the stimulus or of the movement to be made m 
response to it These different forms of sensorial or muscular pre- 
paration still await accurate analysis. In all probabihty, certain differences 
m the determination of reaction times are largely due to differences 
in the form of expectation. 

3. The objective result of this difference in preparation is that the 
sensorial reaction lasts some sec. longer than the muscular. But 
the quahtative course of the two processes is also different. In the 
muscular reaction, the sense impression acts merely as a stimulus to 
the release of the movement, which is qmck and spasmodic; in the 
sensorial reaction, there is not only a clear perception of the stimulus 
but also a consaous innervation of the movement This difference 
accounts for certam characteristic reaction types, the premcUurt and 
trrontota reactions, which not infrequently occur with muscular pre- 
paration. The premature reaction consists in the execution of the 
prescnbed movement before the sensory stimulus has been given; the 
erroneous reacUon in the execution of the required movement in 
answer to some other stunulus than that which is employed in the 
experiment In either case, the subject is often ignorant that he has 
reacted wrongly. There can be no dearer evidence that the muscular 
reaction is essentially physiological in nature. In its extreme form it 
has, as a matter of fact, been interpreted as a practised brain reflex. 
Neither of these divergences from the normal type occurs in the 
sensorial reaction. — It is further noteworthy that the mean variation 
(cf. § 6. 7) of the sensorial type is twice or three tunes as large as 
that of the muscular. This is not surprising when we remember that 
the reflexes possess extraordinarily constant time values. We may, 
therefore, lay it down that the partiapation of consdousness in the 
muscular reaction is restricted to the intensive preparation for the 
movement, and a somewhat uncertain and mdistinct sensation of the 
initiatoiy stimulus. Oftentimes this sensation does not become fully 
dear until after the reaction has been performed. The sensorial reaction 
begins with a smularly intensive expectation, which is realised by a 
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cleax apprehension of the sensation ; and ends with a movement, made 
with more or less conscious mtention, and with or without the inter- 
vention of a movement idea. The indefiniteness of this descnpUon 
indicates the greater variety of the processes contained in the sensorial 
reaction, and the impossibihty of the reduction of all its forms to a 
single comprehensive schema. 

4. It is not difficult to discover analogies between these forms of 
the simple reaction and certain activities or actions in everyday life. 
Everyone must have had expenences which recall the premature 
or erroneous reaction; and everyone knows the difference between two 
actions, the one of which is contmuously directed by the idea of its end, 
while the other is accomplished step by step, as it were, each stage in its 
execution requiring speaal preparation. When the series of &ctors 
mvolved in an action has become familiar by long practice, there 
can be no doubt of the advantage of a constant idea of its ultunate 
conclusion. The predommance of the one idea makes it qmcker and 
more accurate, and effects a saving of energy as well as of time. The 
sensorial reactions, when they have been thoroughly practised, bear a 
veiy close resemblance to the habitual actions of ordinary life. The 
connection which has grown up between a sensation and a movement 
IS brought about in the particular case without any special impulse 
of will, — without any reflection at all. A vast number of our daily 
actions are performed m this way, except that the process is usually 
initiated by connections of sensations and concluded by combinations 
of several movements The term ‘association’ would seem to be as 
applicable to this process as to the interrelation of sensations; for the 
laws and conditions which obtain for the reproduction of movements 
by ideas are the same with those for the reproduction of sensations 
by sensations. Actions of this kind have also been named tdtomotor. 

5. The reaction time is taken up («) with a purely physiological 
process, consisting in the peripheral stimulation and the propagation 
of the excitation to the cerebral cortex This is followed (^) by the 
psychophysical process of central sensory stimulation, with its corre- 
spKinding sensation ; and this again, (y) by the conscious or unconsaous 
transmission of the sensory excitation to the motor cortical centre, 
with its purely physiological consequences of the centrifugal stimulation 
and resulting contraction of defimte muscle groups. The better the 
whole course is prepiared, or the more it is di^osed to correlated 
function, the shorter will the time of reaction be. This explains the 
difference of duration between the two forms of the simpile reaction. 
Thus, the additional sec. in the sensorial time is accounted for 
by two prinapial facts: that the sense impression is apprehended or 



410 


DOCTRINE OR COMPOUNDS; COZXIGATION. 


appercdved with maxiinal distiiictness before the movement is performed, 
and that the transmission of a stimnlation to the motor centre takes 
place more slowly than in the muscular type. The essential dependency 
of the whole process upon the mtensity of preparation is shown by 
the marked influence of the time allowed for concentration of the 
attention upon the rapidity of the reaction It is customary to give 
a signal at about 2 secs, before the sensory stimulus, this interval having 
been found most favourable for the simple preparation which the 
experiment requires (§ 5. 4). Practut, of course, shortens the reaction, 
and fattgut lengthens it. Dutractton of the attention, too, naturally 
exerts an influence upon the rapidity of reaction. All these general 
conditions, however, seem to be of far less importance for the muscular 
than for the sensorial form, provided only that the motor preparation 
IS not seriously mterfered with The reason probably is that we can 
more easily dispose ourselves for a definite movement, whose performance 
IS under our own control, than keep ourselves prepared for any length 
of time together to receive a defimte sense unpression. Distraction is 
most readily produced by an impression of the same character with the 
reaction stimulus, though diversion of the attention by disparate stimuli, 
when it occurs, is probably the more effective of the two (cf. § 75. 5) 
This difference helps us to explain the divergent results of mvestigations 
into the dependency of reaction upon distracting stimuli We have 
no space here to discuss further the many observations of detail which 
have been made in the measurement of simple reaction times We 
will simply give in conclusion the rough average time of the muscular 
jmd sensorial forms in difierent sense departments. Auditory stimuli 
give times of ^ and sec.; visual stimuli, ^ and ^ sec.; and 
tactual (pressure) stimuli, ^ and ^ sec 

§ 70. The Analysis of Compound Reactions. 

I. Psychologists have been pnnapally interested in the compound 
reactions, m which (accordmg to the current hypothesis) the execubon 
of the movement is delayed by definite mental acts performed at once 
on the reception of the sense impression, in accordance with a pre- 
scnbed rule. Dondeis was the first to attempt a determination of the 
r^idity of judgment, choice and discrimination by a subtraction of 
the sunple from the compound reaction time; and his example has 
been followed by many subsequent investigators. Now it is clear that 
the result is valid only if the interpolation of the mental act constitutes 
the sole change in the course of the reaction, i./., if preparation, sensory 
stimulation and movement are precisely idenbcal in both the simple 
and the compound forms. We must, therefor^ separately examine the 
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various types of compound reaction with a view to ascertaimng whether 
or how far this requirement is fulfilled. The investigation of compound 
reactions will, however, lose nothing of its importance, even if we find 
reason to mistrust these particular calculations of the duration of 
different mental activities. For the real value of the measurement of 
compound reactions (cf. § 69. 1) consists («) m the furtherance of an 
accurate analysis of the individual components by the frequent repetition 
of the same process, and (p) in the illustration of the influence of 
different conditions upon the course of the action. And these objects 
of inquiry are not touched at all by the possibility or impossibihty of 
a separate statement of the duration of definite mental acts The 
interpolated processes have been those of cognition, discrimination, 
choice, reproduction and judgment. We will, therefore, begm with an 
analysis of these particular acts 

2. (a) Cogniium is the simplest term of the series. As employed 
here, it means that the precise character of the sense impression 
to be used m a given experiment is left mdefinite, and that the subject 
must, therefore, cognise its quahty, mtensity or other attributes before 
he can execute the reaction movement. The actual occurrence of the 
act of cognition is secured either by the requirement of conscientious 
introspection on the part of the reactor, or by the restriction of the 
reaction to one defimte unpression. The former procedure is to be 
preferred, since in the alternative case pracbce will very qmckly lead 
to the formation of a simple ideomotor colligation between the par- 
ticular sense impression and the movement of the reactor. The idea 
of an objective check, which here takes the form of a limitation of the 
reaction to a sense impression previously defined, is correct m itself; 
but the only method for its realisation would consist in a frequent 
vanation of the sense impressions employed, since only in this way 
could the danger of an ideomotor colligation be avoided It is always 
the sensorial form of the simple reaction which is subtracted fi:om 
the compound in the calculation of the time of the mterpolated 
act, whether of cogmtion or of discrimination, etc. This type of the 
simple reaction is undoubtedly more nearly related to the different 
complex actions than is the other; for the mterpolated act is in every 
instance associated to the sense impression, and it is, therefore, most 
appropriate to give a sensorial direction to expectation. An attempt 
has been made to obtam compound reaction times with muscular prepa- 
ration; but it can be successful only if the subject is not thinking ex- 
clusively of the prescribed movement, but is at the same time bnnging 
sense impressions and movements into more or less close connection 
in consciousness. This latter form of preparation has been termed 
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tutocioHv*, as contiadistingiushed &om the sensonal. The effect of 
really muscular preparation is either to lengthen the compound reaction, 
or to rule oat the mental acts required, and so to make the whole 
reaction dependent upon automatic practice or mere accident 
3. The question now arises whether the cognition reaction is sim- 
|dy the sensonal reaction, pita a new mental act There are two reasons 
for a negative answer, (i) Preparation is essentially different in the 
two cases. In the sensorial reaction, expectation is directed upon a 
perfectly defimte sense impression, and the observer may be disposed 
solely for its special reception. In the cognition reaction, the direction 
of the attention is indefinite, and the preparation for the stunulus incom- 
plete: the most that the subject knows is the sense department, 
or the range of variation of the impressions firan which the imtiatory 
stunulus will be selected. When we find, therefore, that the cognition 
time is from 30 to 500 longer than the sensonal, we have still to ask 
how much of this additional time is due to the more unperfect pre- 
paration, and how much to a particular act of cognition; and there 
is no way of obtainmg an answer, (ii) Agam, it is difficult to see 
what the act of cognition would be, as distmguished from the percep- 
tion of the sense impression which occurs m the sensonal reaction 
itself.^ Distinct perception is, as a general rule, a suffiaent reason 
for the origination of defimte judgments, of judgments which give 
accurate expression to the familian^ of the observer with the per- 
ceived object; although the effectiveness of a clearly perceived impression 
for central excitation may also be of a quite general character, and 
the judgment simply state its familiarity without closer defimtion 
(§ 27. 4 ff.). It follows that the only difference between the appre- 
hension of the sense impression m the cogmtion reaction and in the 
sensonal is the disposition of the reactor (usually remarked by him- 
self) to give utterance to judgments expressive of the character of the 
perceived stunulus As this diqiosition must change with every change 
of impression, we cannot speak of the act of cognition as if it 
were one and the same throughout If we attempted to determine 
its real nature, we should find that it was primarily a phenomenon of 
reproduction. But the time-difference between the cognition and sen- 
sorial times of a practised observer is in all probability referable to 
the difference of preparation, rather than to the interjpolation of 
this reproductory process. We have seen that the direction of expec- 
tation is the chief factor in the time-difference between the muscular 
and sensorial reaction, which is practically as large again. 

t The only difierence tlmt I can ducomr in mj own caae ii a dower appcahaodoa 
otthe aenie imj>re«ion. 
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4, (i) The same arguments apply to the measurement of dhcrimi- 
nation, aa the term is ordinarily employed in reaction experiments. 
In the discrimination reaction, any one of a limited number of impres- 
sions may be selected; the reactor knows their number and nature, 
but not which of them will be given in the particular case. Thus, we 
should have a discrimination reaction, if the subject knew that one 
of two definite sounds of different mtensities would serve as stimulus, 
but was uncertain to which of them he would be required to react 
in each individual experiment It is evident that the process here 
is essentially the same as in the cognition reaction. The reader should 
notice in particular that these discrimination reactions do not imply any 
exercise of the sensible discriimnation, as he might infer from the sum- 
lanty of the names. Sensible discnmination would imply the simul- 
taneous presentation of at least two impressions, or the persistence m 
consciousness of a centrally excited sensation with which the peripheral 
might be compared. 

What we actually observe in the reactions is, agam, the clear percep- 
tion of the given impression, and a more or less noticeable reproduc- 
tion of judgments subserving its precise definition. We do not mean 
to deny that a true discrimination reaction could be carried out. 
That would be possible if the subject were required, e.g, to cognise 
the difference in magmtude and direction between two sunultaneously 
presented stimuli. 

(c) The ckotce reaction presupposes a co-ordmation between a 
number of impressions and movements; the reactor has to respond to 
the impression a with the movement «, to the impression 4 with the 
movement etc. He does not know which of these impressions will 
be given in the particular case. The preparation for the experiment 
is, therefore, precisely similar to the preparation for the discnmination 
reaction. And it is mdisputable that the state of expectation swy 
be precisely the same in the two experiments. This is the basis of 
the assumption that the subtraction of the tune of a discrimination 
reaction fixim the time of a choice reaction obtained under exactly 
analogous conditions gives the duration of the act of choice Ordi- 
narily, however, the necessary co-ordinations are specially practised; 
and expectation, despite its indefimte direction, is not wholly free (as, 
indeed, it is better that it should not be) from the idea of the individual 
connections. We have spoken of this kind of prejiaration as associattot 
(ct 2 above). It is plain that the subtracbon cannot give m any 
reliable information as to the duration of the act of choice, if only 
for the reason that the precedent state of consciousness, wWch we 
have found to be of first importance in aU reaction time eiqierimenta- 
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don is essentially difiietent for the minuend and the subtrahend. 

5. We have now to ask whether choice itself constitutes a specific 
independent mental act This question would seem to take us to the 
heart of the problem of the freedom of the will, and to mvolve an 
analysis of resolution, t.*., of decision in face of difierent possibilides. 
But our present inqmry is really much more simple than appears 
fixim its formulation, inasmuch as the mcendves to decision, the 
reasons for choice, in the dioice reaction are perfectly defimte. Any 
oscillation between the different possibilities of movement — which, 
moreover, are always limited in number— must, therefore, be ascribed 
to a failure of memory, i.*., to an uncertain recollection of the prescribed 
co-ordination. For a thoroughly practised subject the course of the 
choice reaction may be precisely the same with that of the sensorial : 
dear perception of the sense impression reproduces the appropriate 
movement. A very striking illustration is afforded by the playing of 
a practised musician; the sight of the score calls up at once the 
corresponding movements of aim and fingers. It follows from this 
extraordinary power of practice to modify our actions that choice 
reactions m the strict sense of the word do not occiu: beyond the 
first beginnings of experimentation, and that the reaction times taken 
at different stages of practice are less comparable here than in any 
other department of reaction work. Before the subject has perfected 
the simple ideomotor action, however, the rapidity of which seems to 
be independent of the number of possible sense unpressions and 
movements, the time of the reaction is lengthened by the introduction 
of the act of choice. The result may be explained as due («) to the 
uncertainty of recollection, which may render it necessary that the 
j'udgment formulating the particular co-ordmation be specially reproduced, 
and iff) to the rivalry of a number of relatively intensive movement 
ideas, which inhibits the reproduction of the right idea. This stage of 
practice is characterised by the firequent occurrence of concomitant 
movements of the hand, on either side of the reacting finger, and of 
erroneous reactions. It is clear that all these processes are merely 
familiar phenomena of rqiroduction, and that they do not constitute 
a specific act of choice, interpolated in the course of the eiqieiiment, 
and separably measurable. 

6. (d) In the assodatton reaction, the prescribed movement is not 
to be executed until the given sense impression, of whose quality the 
reactor is ignorant, has reproduced a second idea. This form of the 
compound reaction, i.t., presupposes a single movement and an unlimited 
number of possible sense impressions, and consequently approaches 
the fype of the cognition reaction. Hence the duration of the cognition 
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reaction is used as the subtrahend in the calculation of the ‘ association 
time’. The precedent state of consciousness certainly may be the same 
in both cases; but, as a general rule, the knowledge that he must 
‘associate’ will serve to modify the disposition of the reactor. Apart 
from this possible discrepancy, the association time would seem to 
admit of the sunplest interpretation of any of the subtraction times, 
as it may very well be accredited to the reproduced idea. However, 
It does not only represent, and does not wholly represent, the dura- 
tion of the reproduced idea Some time, more or less, may elapse 
before the appearance of the second idea in consciousness, and the 
movement may be innervated at very different stages of its develop- 
ment This would account for the great divergences in the association 
times of different subjects. The term ‘association time’, therefore, 
proves in its turn to be not free from ambiguity. 

The higher forms of the compound reactions, the choice and associ- 
ation reactions, may be shll further complicated Thus we may co- 
ordinate general categories with defimte movements, and require the 
reactor to wait for the execution of a particular movement until he 
has subsumed the sense impression under a given category 

(«) The association reaction may be extended in a similar way 
by the requirement that a judgment be passed upon the reproduction 
aroused by the sense impression, before the reaction movement is made 
These experiments take us into the domam of the activity of thought, 
in the strict sense of the phrase, and raise a large number of mterest- 
ing problems in the analysis of thought processes and their conditions 
The exact comparability of the experiments in all but the one respect 
is here, as everywhere, the prerequisite of the evaluation of their quanti- 
tative results. The method of measurement is precisely the same for 
the compound as for the simple reactions. 

It IS hardly necessary to point out the analogies which obtain between 
compound reactions and actions of our everyday experience. Our 
attitude to external obj’ects very commonly takes the form of the 
cogmdon or choice or association reaction. With the exception of the 
voluntary action, which is an independent activity of the subject arising 
from internal incentives, there is no fype of conscious movement which 
cannot be reduced to one or other kind of simple or compound reaction. 

§ 71. The Principal Results of the Measurement of 
Compound Reactions. 

I. We attempt in what follows to give a summary of the most 
important facts which have been brought to light by the measurement 
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of compound reactions. It fdlows from the discussions of the fore* 
going Section that we shall lay no weight upon the absolute duration 
of the time of cognition, discrimination, etc. All our statements of 
reaction rapidity will be relative. The cognition and discrimination 
reactions may be bracketed together, as the professed discrimination 
reactions are not strictly what their name would mdicate them to be 
(§ 70. 4 )- 

(tf) Cogntiton wor/ihiu.— Different methods have been employed for 
the measurement of these times (§ 70. 2). The method of reaction to 
an indefinite number of impressions with purely subjective introspective) 
guarantee is ordinarily termed the d-mtthod (Wundt) ; the limitation of 
reaction to defimte selected impressions, which is mtended to serve as 
an objective check, is the cardmal point of what is called the c- 
mtthod (Dondeis). It is evident that the r-method itself may take two 
different forms. The subject may attain by associative preparation (§ 70. 
2, 4) to a wholly automatic reproduction of the movement by the sense 
impression, or he may be expressly required to avoid association, and 
be given the choice between movement and no movement These 
differences in the execution of the cognition reaction are accurately 
reflected in the time differences obtamed. The shortest times are those 
of the e*method with associative preparation; the times given by the 
i/-method are somewhat longer; and the reactions taken by the second 
form of the r-method are longest of all. Associative practice in a 
definite coimection of sense impression and movement puts the cogni* 
tion times midway between those of the muscular and sensorial reac* 
tions. This is not difficult to understand, when we remember that the 
preparation consists in a simultaneous expectation of sense impression 
and movement, ijt., that it is really an intermediate form between the 
extreme sensorial and extreme muscular dispositions. Similar transition 
forms occur in simple reactions to stunuh whose precise nature is 
known to the subject, and are also characterised by a mean duration 
Hence, for a thoroughly practised reactor this form of cognition reaction 
is in reality merely a simple reaction with mixed preparation, and the 
fact that other stimuli are or may be presented is either without 
influence of any kind or sunply serves in a general way to divert the 
attention. 

2. The cognition reactions taken by the (/-method are on the 
average longer than the sensorial times. The result is probably referable 
to the influence of an mdefinite direction of expectatiom The further 
extension of the reaction time by the necessity of choice between 
movement and no movement is obviously due to the oscillation of 
reproduction. — The relative differences of cognition time obtained 
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with the different methods will naturally be independent of the method 
itself in the great majority of cases. We may, therefore, proceed to 
tabulate the most important results without reference to the form of 
the method. 

(a) As a general rule, the cognition of intensities of sensation occupies 
a longer time than the cognition of quahties. This result is of 
importance as illustrating the lack of an absolute memory for the 
intensity of impressions (§ 26. 6), and the poverty of language in 
specific names for intensive differences. Our estimation of intensity 
IB almost alwajrs comparative, whereas we possess an elaborate system 
of symbols, by the help of which we are perfectly well able, within 
certam limits, to make an absolute determination of quality. 

(fi) The cognition of direction (visual, tactual and auditory local- 
isation) requires a less average time than the cogmtion of the corre- 
sponding quality or intensity (colour, strength and weakness of cutaneous 
stimulation, tone); the cognition of distance (from our own body) by 
means of sight requires the same average time as the cognition of 
visual qualities This result renders the tune of localisation surprisingly 
small, and it seems reasonable to make the method employed (the 
first form of the r-method) at least partly responsible for it In all 
probability, the reaction movements enter especially easily into associa- 
tive connection with definite directions in space. Nevertheless, there 
appears to be sufficient ground for the inference drawn from the 
experiments that local signature cannot be mterpreted as a conscious 
intensive variation (cf. § 57. 3), The length of time required for the 
cognition of distances from our own body is fully explained by the 
relativity of the determination. In this respect it resembles the cognition 
of intensity. 

(y) The cognition of different quahties of the same sense and of 
disparate senses increases the times of the simple reaction to the 
same impressions by different mcrements. Thus, colours are more 
quickly cognised than tones, pressures more quickly than tastes, high 
tones more quickly than deep tones, black more quickly than white, 
etc. It is difficult to reconcile these facts with the assumption of a 
specific act of cogmtion. On the other hand, they [qieak very definitely 
for differences in the stability of associative connections. 

3. (tf) The cognition of more complex impressions requires a longer 
average time than the cognition of more simple stunuli, and the 
duration of the discrimination reaction by the <f-method is dependent 
upon the number of possible sense impressions. The difference 
between simple and complex stimuli has received special attention in 
the domain of vision (letters, words, numbers, pictures). Within 

27 
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certain limits, mcieased complezi^ of the initiatory impression makes 
no difference to the length of the reaction: indeed, short words are 
cognised even more quickly than single letters, and numbers of two 
or three places hardly less quickly than simple numbers. A further 
increase in the number of constituents is required to produce a distinct 
increase of reaction time. This shows that the conditions of the 
sensory apprehension of complex impressions remain the same with 
those of tile apprehension of simple stimuh up to a certam point of 
complexity, and that practice in the reproduction of the name of the 
complex object may cancel the advantage which the sunple stimulus 
possesses for perception Similar conclusions may be drawn firom the 
bet that the time of the discrimination reaction is dependent upon 
the number of impressions. This dependency is most pronounced 
where the stimuli differ in intensity* the conditions of reproduction 
render it exceedingly difficult to discriminate even between three 
different mtensities of sound. But it is also observed with quahtative 
impressions, when their number exceeds the number of names com- 
prised in the subject’s ordinary vocabulary. 

The results which we have desenbed and explained so far are 
wholly confirmatory of the analysis of the previous Section. They 
point more particularly to the importance of reproduction, and con- 
sequently of association, for the process of cogmtion. As a matter 
of fact, the word ‘cognition’, in whatever context it is employed, 
always means the desenption of an experience by the help of symbols, 
which relegate it, in accordance with its essential attributes, to its 
appropriate place in the general interconnection of concepts and 
judgments which constitutes our system of reflection or knowledge. So 
that cogmtion, in its psychological significance, is simply a more or less 
distinct reproductoiy phenomenon (§ 70. 3). In the present connection 
it is especially interesting to note that the effectiveness of an impres- 
sion for central exatation may be observed m the absence of definite 
reproduced ideas or sensations from consaousness. Everyone who 
has taken part in cognition reactions will know that he may be 
positively certain of having cognised the visual or auditory impression, 
before the name which designates it has appeared in any form above 
the conscious limen. This fact serves to illustrate and confirm our 
original analysis of recognition (§§ 27 ff.). 

4. (d) Ckmc€ reactions . — Our estimate of the relative duration of 
these reactions can only be based upon their comparison with cognition 
reactions taken by the <f-method. At the same time, the course of 
the choice reaction is veiy similar to the associative preparation of 
the r-method, if practice m the prescribed co-ordinations has been 
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carried to any great extent. We have, therefore, a large number of 
2ictual choice reactions lying between the two extremes of an automatic 
co-ordination of sense impression with movement and the mediation 
of their coimection by a special reflective process. It will be readily 
understood that under these conditions it is exceedingly difficult to 
summarise and interpret the experimental results. The following facts 
seem to be well established. 

(o) The average duration of the choice reaction increases with the 
number of possible co-ordinations. Reaction with simple choice between 
two movements is only some 60 to 8oa longer than reaction with 
cognition, but the difierence rises to 300 or 40CW when the reactor 
has to choose between ten movements (movements of the ten fingers). 
The result is easily explamed, if we may presuppose equal conditions 
of practice in every case. The degree of liability of reproduction and 
the quickness with which it is realised by connection in the particular 
instance are certainly dependent upon the number of equally possible 
cormections, — and the greater their number, the greater will be the 
inhibition or retardation of the individual reproducton. 

(/}) All difierences in the fodhty and certainty of the separate 
co-ordinations are reflected in corresponding difierences in the rapidity 
with which they are brought about. The certainty of the association 
between impression and movement may be (1) originally given as a 
result of previous individual development, or (u) consciously efiected 
by practice, or (lii) involuntarily produced by repetition in the course 
of the eiqieriments. (i) The first of these possibihties is fulfilled in 
an cases of ‘natural’ co-ordmabon, eg., m the connection of printed 
words with the corresponding movements of speech, or in that of the 
numbers i to 5 with the fingers of the right hand in the order of 
thumb to little finger, etc. If the spoken word is employed as the 
reaction movement, the experiment must usually take the form of an 
ideomotor colligation of the perceived object and its name, and not 
of a choice between equaUy possible activities. It has been found that 
short words, printed upon cmds and shown to the reactor, arouse the 
corresponding speech movement most quickly; that separate letters 
require a somewhat longer time for their naming; and that a consider- 
ably longer time still is needed for the reproduction of the appropriate 
words by pictures and colours. The result is interesting and readily 
intelligible. The reproduction of spoken by printed words is especially 
direct and exceedingly common; whOe pictures or colours may arouse 
very difierent ideas according to the individual disposition of the 
subject, and are by no means so universally reproductive of names 
as are printed words. Moreover, the names for what is seen in a 
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picture or a colour may vary within certain limits, whereas printed 
words give a single definite direction to the reaction movement 

5. Cognition reactions to the objects just mentioned give different 
and partly contrary time values. Colours and pictures are cognised 
rather more quickly than letters and words. It plainly follows that 
the rapidity of the choice reaction is really conditioned by the stabi- 
lity and ezdnsiveness of the natural co-ordinations. We have already 
noticed that short words are more quickly cognised than separate 
letters (cf. 3 above). This shows (what is evident from other consid- 
erations) that we do not read letter by letter, and that the ‘word 
method’ which is now followed in elementary schools is better adapted 
to the psychoiogical conditions of the apprehension of printed words 
than the older ‘a, h, c method.* ^ The connection of sense impression 
and appropnate movement is purposely strengthened by associative 
preparation and may, of course, be further established by more or 
less obvious associations, (iii) Lastly, liability of reproduction is 
involuntarily and unintentionally increased by the repetition of the 
experiments; so that care must be taken that definite co-ordinations 
are not rendered overeffective by their relatively more frequent appli- 
cation, — unless, of course, the infiuence of repetition is the subject of 
the special investigation. 

(y) The same phenomena recur m the more complex choice reac- 
tions The co-ordinations employed in these experiments are those of 
definite categories, of five parts of speech or forms of inflection, 
with a corresponding number of movements The sense impression, 
perhaps a word called out by the experimenter, must then be sub- 
sumed to its appropriate category before the co-ordmation can be 
completed. The only difference is that complication arises from 
variations in the coimection of sense impression and category. The 
rapidity of the connection is again dependent upon all the conditions 
which determine the permanence and strength of liability of repro- 
duction. 

6. (f) AisoeiatioH nactions. — Reproduction with all its conditions 
has played an important part in our analysis and explanation of the 
times both of choice and of cognition. Its place in the association 
reaction, however, is somewhat different. It is there, so to speak, 
embodied as a whole in the course of the experiment. The cogmtion 
reaction times again furnish us with a basis of comparison. The most 
important results are as foRows. 

(«) Unequivocally definite reproduction is most quickly effected; 
ambiguously defined reproduction requires a lon^r time; and free 
reproduction is slowest of all (§ 30. 6). The different d^;rees of limi- 
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tation are set to the reproductoiy activity by its direction in a more 
or less definite channel previously to the experunent Thus, the 
movement of ideation is unequivocally determined when the stimulus 
consists in the title of a fiuniliar poem, and the subject is asked to 
reproduce the author’s name. Reproduction is equivoc^y determined, 
on the other hand, when the name of a season is employed to call 
up the name of a month which falls within it. Free reproductions, 
in which the nature and direction of the centrally exated processes 
are left altogether indefinite, are simply equivocally detenruned repro- 
ductions of the highest order; a certain limitation is still imposed upon 
the movement of ideation, by the character of the selected impression. 
Other things equal, we may account for the rapidity of the unequi- 
vocally determined reproductions by the fact that in their case the 
reproduced idea is least liable to inhibition. The more indefinite, the 
less characteristic the centrally exciting stunulus, the more difficult is 
the reproduction of a completely defirute idea (cf. loc. cit ). Moreover, 
the unequivocally and eqmvocally detenruned reproductions are further 
assisted by the limited number of the sense impressions and the relative 
concreteness of expectation 

7. ((i) Any circumstance which serves to increase liability of repro- 
duction, in accordance with the laws of centrally exated sensation, 
serves also to accelerate the association reaction. Hence the commonest 
ideational connections, *.g., are also the qmckest This is perhaps the 
reason why the reproduction of the idea of a means by that of its 
end requires less time than that of the reverse reproduction, and the 
idea of a part by that of the whole less time than that of the whole 
by that of its part. Again, we can reproduce the name of the month 
immediately following a given month much more qmckly than the 
name of the next preceding month. And a large number of mdividual 
differences may be referred under this rubric to differences in the 
stability of associations in individual minds. 

(y) The rapidity of the association reaction is dependent upon the 
significance (whether accidental or as the result of education) of the 
materials of reproduction. This is what we mean saying that ideas 
stand at different levels of pnpar$dn€ss in consaousness. The pre- 
paredness is influenced not only by the degree of liability of reproduction 
at the moment, which is a matter of chance, but also by the conditions 
of fidelity of reproduction (§ 31). Here would seem to belong the 
fact that the reproduction of the general by the particular takes less 
time than that of the particular by the general. We have referred to 
it on more than one occasion (cf. § 27. 5, 6; § 57. 6, etc). The 
principle also explains the great proportion of recollections of early 
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life in the minds of elderly persons. Galton made a collection of free 
reproductions, and found that 85 p. c. were associations of childhood 
and early manhood, while only 15 p. c. were suggested by experiences 
of the immediate past. We cannot here enter into further detail with 
regard to these experiments, which, as the reader can see, may be 
extended in very many directions. We will only mention in conclusion 
that more complex forms, obtained by the interpolation of logical or 
sesthetic judgments of the presented ideas, naturally give very much 
longer average times; and that the fluctuation of subjective estimation 
and appreciation has led to extremely divergent determinations (i^., 
makes the mean variation of the times exceedingly large). 
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PART m. THE STATE OF CONSCIOUSNESS. 


S 7a. The Attention as State of Conscionsness. 

1. The description and explanation of the &cts compnsed under 
the famihar term ‘attention’ constitute one of the most formidable 
difficulties which the psychologist encounters in the whole course of 
his inquiry. In certain psychological systems attention is regarded as 
identical with consaousness, and is thus made to appear susceptible 
of none but a metaphysical treatment. But as early as the eighteenth 
century empirical psychology had awakened to the importance of a 
discrimination of the two concepts, and modem experimental psychology 
and psychophysics have laid still greater emphas^ upon the necessity 
of their separation. This unity of standpoint, however, has not led 
to uruty of explanation; and every psychologist of any independence 
at the present time analyses and denves attention in his own way. 
Some reduce it to a ^eofic class of sensations, sensations of muscular 
contraction or of strain ; others r^ard it as an emotion, which exercises 
an especial influence upon the motor side of our activity. Another, 
psychophysical theory makes it the primary office of attention to 
reinforce exatation m the sensory centres; and a fourth hypothesis 
characterises its positive function as a process of inhibition. In popular 
thinking attention, like feeling and will (§§ 34. i; 40. i), is looked 
upon as a purely subjective activity, as a mode of the selTs behaviour 
in fiace of external impressions. So we are said to ‘ direct ’ our attention 
upon something; and even when a change of direction is involuntarily 
produced, we do not relmquish our behef that it is in our own power 
to be attentive to one thing or another. From this point of view we 
can understand Leibniz’ identification of the attention with the self- 
consdous assimilation of an impression, or, as he termed it, apper- 
ception. — Now we found in our consideration of feeling and will that 
popular opinion, schooled as it has been by the expenences of count- 
less generations, contained no small measure of the truth. So here 
the common view of attention, however deficient its analysis and 
inaccurate its method of expression, is undoubtedly worthy of psycho- 
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logical respect Hence, all those theories which contradict the verdict 
of general experience, and resolve attention into a complex of certain 
sensations, must be judged from the outset to possess but httle 
probabihty. 

2. The first business of a careful psychological investigation into the 
phenomenon of attention is to distinguish between its mamfestations 
and its conditions. We must begin by defining the nature of attention, 
as discovered by introspection. Hence the question at once arises, 
whether we have in the process of attention something above and 
beyond the elementary consdons contents described in the precedmg 
Parts, or whether the term simply indicates a qiedal state in which all 
these contents may be presented under certain conditions. It seems 
that the second alternative is the correct one; for mtrospection disco- 
vers nothing really new in attention, nothing which is characteristic 
of the process as such. Those who maintain the contrary have 
nothing to allege but a sum of sensations, which occur just as well in 
other contexts, or a change in the contents given in the state of atten- 
tion, or a general judgment of the origin of the process, (i) Strain 
sensations, *.g., are ordinary concomitants of attention, and are referred 
to m the phrases ‘strained’ and ‘relaxed attention’; but they are 
neither necessary constituents of attention nor attention itself, (u) So 
again, when we find the increased clearness of a perception or the 
mcreased vividness of a sensation or conscious concentration upon one or 
two definite ideas interpreted as a function of attention, we must reply 
that while all these changes regularly appear m the attentive state, 
th^ are always changes in the conscious contents, and cannot be 
conceived of as separated firom them. It is, therefore, altogether impos- 
sible to add all these changes together and account them a specific 
process, and to give this process the name of attention in contradistinc- 
tion to the particular contents. For every item m the sum proves, 
when accurately analysed, to be no more than an enhancement of 
the given attributes of sensations or ideas or of the given relations 
between them, or a limitation of their number— in a word, nothing 
more than a purely quantitative process, which may be set up in 
consdouaness by other means than that of attentiorL The re^er 
may incline to find a possible exception to this statement in the clear- 
ness of the quality, difiference, etc., in the state of attention. For dear- 
ness or distinctness is certainly not identical with the intensity of an 
impression : weak stimuli may be more distinct than intensive. Now dis- 
tinctness is partly referable to conditions in the sense organ (c£ the mechan- 
ism of accommodation or the fovta centralu of the retina in the 
eye). But, this apart, we mean by the term simply the relatively 
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most bvouiable apprehension of an impression, as expressed in a 
relative maximnin (a) of its discriminabihty from other contents, and (fi) 
of the liabili^ of reproduction of its attributes. It foUows, of course, 
that clearness or distmctness is not a new character, which can be 
detached from the particular contents to which it is ascnbed, and con- 
stituted the predominant fector in attention 

3. (lii) Lastly, we have a general judgment of the origin of attention in 
its description as an internal achvity, concentrated in various degrees upon 
the particular ideas in consciousness.- For this description apphes to 
attention, as given to introspection, only on the assumption that we are 
able to perceive the internal activity as such: And this would mean, in 
its turn, that we are consaous of an internal activity above and beyond 
the contents upon which it is concentrated, and above and beyond the 
concoimtant sensations to which its functioning gives rise. The author 
is unable to discover any such distinct act of consciousness in the state 
of attentive observation. Either a sum of orgamc sensations (cf theex- 
pcnence of < efiort ' : $ 40) has been described, and its interpretation 
attempted, by this term ; or * internal activity ' is merely an mexact 
expression of the popular view of attention mentioned just now. We shall 
see later ({ 74) that there is really a very close coimection between atten- 
tion and organic sensations , but we have already re]ected the hypothesis 
that the two are identical.- In the same way, we beheve that the popular 
view of the origin of attention is correct , but we do not beheve that this 
view requires the assumption of a special consaous content, < internal ac- 
tivity,' or that mtemal activity is demonstrable by introspection: If we 
consider that all classes of consaous contents, without distinction of ongm 
or of value, may be the object of attention, and that the alterations 
which they undergo in consequence of attention are all of one nature and 
capable of formulation in the same terms, we have no alternative but 
to r^;ard attention as a state of consaousness m general, — though its 
condibons, of course, must be sought aside from the different contents 
which enter into it at different times. The psychological problem of 
attention may, therefore, be stated somewhat as follows. («) The psy- 
chologist must describe the changes which the simple and compound 
processes of consciousness undergo in the state of attention, (p) He 
must depict the secondary phenomena which ordmarily accompany it. 
(y) And he must tabulate the conditions which determine its appearance 
and its degree in the particular case. 

4. It is one of Wundt’s services to modem psychology that he 
has recognised the unique nature and the general and fundamental 
importance of attenbon, and has given expression to both in his 
doctrine of apptrception. The English association psychology, with the 
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German and French schools which have adopted its tenets, refers all 
the phenomena of conscious mental life to the mechanics of sensations 
and ideas, and more or less completely ignores the signiScance of 
the attentive state. Wundt has realised that the ‘having’ of an idea 
is not identical with its attentive expenence, and that the conditions 
of attention are not given with the internal and external stimnh which 
we r^ard as the physical counterparts of centrally and peripherally 
exated sensations. He accordingly distinguishes between perception 
and apperception, — the former denoting the appearance of a content 
in consciousness, at the instance of external and internal stimuli, the 
latter its reception into the state of attention. This accurate analysis 
of the facts of consaousn^ has been altogether wrongly mterpreted 
as a metaphysical construction: Wundt’s definition of apperception, 
though recognised as different fi:om that of Herbart, ^ving been 
confused with Kant’s transcendental apperception, or the doctrine in 
its entirety relegated to the region of pure metaphysics (§ 32. 5) In the 
Herbartian psychology, apperception is the reception of a new impression 
into an already existent ideational complex, and a distinction is con- 
sequently drawn between the perception mass (the impression which 
awaits reception) and the apperception mass (the receiving ideas). 
The practical importance of this process is undoubted: it typifies the 
course of every perception. At the same time, we cannot find a place 
for the Herbartian definition of apperception in our psychological 
system, since it merely covers the action of familiar laws of association 
and reproduction. Wundt’s definition, on the other hand, is wholly 
adequate to the requirements of a systematic psychology, and we 
shall, therefore, frequently employ his phraseology in what follows. 
It has the additional advantage of being more convenient and more 
precise than the other modes of eiqiression in current use. 

5. Many writers emphasise the distinction— m what appear to the 
author to be exaggerated terms — between Men^/«and >»/«i7fr/«a/attention, 
although the meanings which they attach to the two words are not 
always identical. Thus, some find the criterion of sensible attention 
in the circumstance that an external stimulus draws attention to itself 
in virtue of some attribute or attributes, while they conceive that 
intellectual attention originates in the preference accorded to a par- 
ticular impression by the “presentation auxiliaries” or apperception 
masses, in the Herbartian sense. Others again, speak of gpmnMo 
attention when the object or content of the pnxess consists of pen- 
pherally excited sensations, and of intellectual attention when it 
embraces centrally excited sensations. The first of these distinctions 
obviously rests upon the division of the conditions of attention into 
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external and internal (cf. the parallel distinction m the q>here of 
feeling: § 35. 2); the second employs a difference in the character of 
the sensations which form the objects or contents of attention as the 
basis of a classification of the forms of attention itself. On neither 
principle, however, is the assumption of specific kinds of attention 
justifiable, unless it can be shown that the process as such is essentially 
different in the two cases. And it would seem as a matter of &ct 
that the changes which contents undeigo in the state of attention, and 
the nature of its concomitant phenomena, are so constant and uniform 
alike under the sensible and the intellectual rubric, that there is no 
reason for the recognition of different kinds of attention. The vanous 
conditions of attention will, of course, fall within the scope of our 
own inquiry (§ 75). But to separate the conditions fmm one another 
is surely a more correct procedure than to denve different forms of 
the attention from them. 

Another current distinction makes attention voluntary and involuntary, 
according as the will does or does not partiapate in its direction upon 
particular contents. This classification, again, is a classification by con- 
ditions, though it is not the same with that discussed above. Wundt 
names the two forms acttv* and passive apperception; but remarks 
that the process of attention is the same in both cases, so that the 
only point of divergence is to be found m the diaiacter of the condi- 
tions. He supposes that passive apperception is an unequivocally 
determined, and active apperception an eqmvocally determmed act 
of attention; that the sole difference between them is that of the 
number of mcentives (§§ 30. 6; 71. 6). We need not decide at present 
for or against the validity of the hypothesis. It is intimately connected 
with Wundt’s belief that apperception and will are ultimately one 
and the same process. We may, therefore, postpone our cnbdsm, 
until we come to inquire into the relations obtaining between attention 
and will (§ 77. 7). 

§ 73. The Effects of Attention. 

I. The first of the three problems which attention presents to 
psychological investigation is a description of the changes which 
conscious contents undergo in tiie attentive state We term these 
changes ‘effects of attention’, for the sake of brevity, although we 
found ourselves obliged to reject the hypothesis that they really add 
anything new and specific to sensations or ideas. The expression is not 
intended to arouse or to betray any theoretical prepossession as to the 
&ctors involved in the production of the state We shall, therefore, 
employ it without hesitation, after this expre» caution to the reader 
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not to confuse fhe conditions of attention (§ 75) with the changes in 
the contents attended to, which we are now to discuss. 

We have already spoken in various passages of the first and second 
Parts of the dependency upon attention of sensitivity and sensible 
discrmunation, of liability and fidelity of reproduction, of the feelings, 
of fusion and analysis, etc. (cf. §§ $; 32; 39; 47, etc.). Experimental 
psychology has the quantitative measurement of the degree of 

influence exerted m these diflierent cases. The undertaking is beset 
with very considerable difficulties, and we can hardly say that an un- 
exceptionable method has as yet been devised for the accomplishment 
of the desired end. In principle, of course, the influence of the attention 
m any given instance may be taken as the measure of its degree or 
efiect But results obtained in this way have only a relative validity : 
(o) because we are unable accurately to determine either an absolute 
zero point or an absolute maximum of attention; (p) because its function 
would seem to be exceedmgly difierent in individual cases; and (7) 
because the efficacy of the means employed to diminish the attention 
for particular contents is very uncertain and very difficult to check or 
regulate. 

2. Our subjective estunate of the degree of attention is based partly 
upon the result achieved under its influence by the activity of thought 
or perception, and partly upon the intensity of the strain sensations, 
which are especially apt to arise if we are contmuously occupied with 
a single topic. But the result achieved may depend upon entirely 
difierent conditions; and there is no simple or necessary proportionality 
between the intensity of strain sensation and the degree of attention. 
Recourse must, therefore, be had in the experimental investigation of 
attention to objective and less eqmvocal means of measurement These 
are found in dutructing stimuh. The attention to a definite content 
is regarded as inversely proportional to the magmtude of the distraction, 
the quantitative gradation of which is ordinarily secured by alteration 
of the intensity or number of the distracting stimuli. But the relation 
of the particular means of distraction to the mental disposition of the 
experimentee is also of extreme importance. Thus, it was found in 
an examination of the dependency of the sensible discrimination for 
intensities of sound upon the d^ee of attention, that the apphcation 
of very intensive electrical stimulation (the intensity was so great as 
to be painful, and as to cause tetanic contractions of the muscles) to 
the arm of the observer during the experiments scarcely produced any 
noticeable decrease of sensible discrimination, as compa^ with that 
shown by the results of experiments in which the attention was not 
distracted at all. On the other hand, the running through of a piece 
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of music in thought during the comparison of visual distances was 
sufficient to effect a relatively considerable reduction of sensible dis> 
crimination. The introduction of a specific intellectual operation 
(addition, intelligent reading, etc.) is still more effectual for the distraction 
of attention fiom the observation of definite impressions. It is clear 
from these illustrations, that the mere employment of distracting stimuh 
of a certam intensity or number is absolutely no guarantee that a 
corresponding distraction of the attention has actually been accomplished. 
The discovery of a reliable measure of the attention would appear to 
be one of the most important problems that await solution by the 
eaperimental psychology of the future. 

3. It only remains for us here to give a general statement of the 
various effects of attention, (i) We find m the first place that attention 
increases sensitivity and sensible discrimination, both in then direct 
and mdirect forms (§ 4. 6, 9). Its influence upon sensitivity has been 
determined prinapally in experiments upon the stimulns limen The 
relatively small difference produced under these curcumstances by an 
increased activity of attention is certainly referable to the fret that 
the distraction employed was not very effective- for our everyday 
experience teaches us that qmte considerable intensities, times and 
spaces rebound from consaousness, so to speak, without making any 
mark upon it, if the attention is intensively occupied with other 
contents. This is of itself suffiaent evidence that we regard its influence 
as co-extensive with the apprehension of all the four sensation attributes. 
But we also beheve, in particular, that the indirect sensitivity and 
sensible discrimination are always far more liable to modification by 
the attention than the direct. A change in the attributes and relations 
of sensations themselves is necessarily confined withm certain narrow 
limits, whereas there is hardly any restriction upon change of judgment, 
of reproduction. At the same time, we cannot admit, — what has 
often been maintained, —that a change of the former kind is wholly 
impossible. Thus, the statement that attention is incapable of inten- 
sifying an impression, and that the observed change is really an increase 
of distinctness only, is contradicted by the fact that the sensation of 
a loud sound, inattentively experienced, may seem equal (such, at 
least, is the author’s experience) to that of a faint sound, attentively 
experienced. Again, it is interesting to note that the alteration of 
judgment by inattentive observation is always precisely the same with 
the alteration produced by a reduction of the intensive, spatial or 
temporal values of the impressions, except that it is somewhat more 
uncertain (i.«., the mean variation is larger) This fact requires further 
investigation. 
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4. No less important is the inBuence of attention upon sensible 
discnmination, whatever the particular method employed for its deter- 

'minatian (§§ 6 ff.). Here agam, the ^ect of attention can certainly 
be traced in both directions, upon sensation differences themselves 
and upon our judgment about them. An exact discnmination between 
these two effects, though eminently desirable, is at present out of the 
question. But it is necessary to mnphasise the extent of the influence 
of attention m this coimection, m view of the current tendency to 
explain all the facts of sensible discrimination without reference to it. 
There is really hardly any difference which may not pass unnoticed, 
if apperception holds aloof. At the same time, this general condition 
must not, of course, be called upon to explain any special set of 
experimental results. 

(2) The effect of attention upon the indirect sensitivity and sensble 
discrimination brings us to the consideration of its mfluence upon 
liabili^ and fidelity of reproduction. For the apphcabon of certam 
judgments to sensations or sensation differences consists psychologically 
in a reproduction of the names subserving these judgments by the 
contents of perception. When we remember the magnitude of the 
influence of attention upon reproductory phenomena in general (§ 32. i), 
we shall find it difficult to deade whether reproduction m the state 
of inattention is possible at all In any case, attention produces its 
maximal effect in the reproductory sphere Liability of reproduction 
would seem to show more marked traces of its influence than matenal 
of reproduction. But, once more, further investigation is required 
before any positive statement can be made. 

5. (3) The effect of attention upon the feelings is of a qmte different 

(i 39- While pleasure and unpleasantness are brought far 

more vividly to consdousness by the concentration of attention upon 
their concomitant sensations, they disappear entirely when we succeed 
(and we can succeed only for a moment) m makmg the f eelmg as such the 
object of attentive observation. This difference of result led us to 
adopt a particular interpretation of the feelings,— that which they 
receive in Wundt’s theory (§ 41. 8, 9). The feelings, therefore, form 
an exception to our general rule of the effect of attention upon conscious 
contents (§ 72. 3). All the ‘changes’, in the strict sense of the term, 
which conscious contents undergo in the state of attention presuppose 
its concentration upon sensations or sensation complexes or their 
interrelations. But the feelings are the products of the interaction of 
contents and attention. 

(4) We found in our examination of fusion that attention was of 
great assistance for analysis. Indeed, the smgling out of a tone from 
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a siipple or compound clang by help of the attention constitutes a 
fundamental expenment in the cognition of auditory complexity (§ 47. 

7 )- (5) meet with quite similar phenomena in the sphere 

of spatial and temporal colligation. Thus the perception of certain 
details of a picture or a melody is one of the most familiar functions 
of the attention. In alt these cases, consciousness undergoes the 
characteristic change which we term conctntraHon, a more or less 
defimte restriction of the attention to a certain number of contents. 
What has been called the namvonta of consciousness (cL § 66. 4) is 
essentially conditioned by the inability of apperception to comprehend 
any considerable number of discnminable contents at one time. 

6. It is plainly this peculiarity of the attention which has led to 
Wundt’s metaphorical distmcbon of a conscious fixation point and 
field of regard. The apperception of a content is its appearance at 
the fixation pomt of consaousness; the perception of an impression 
is its appearance in the conscious field of regard. The metaphor is 
suggested by the constant relation of fixation pomt and attention in 
the field of vision (§ 58. 8). Wundt does not mean, of course, that 
apperception is restricted to a single object, still less to a smgle 
conscious element. The narrowness of consciousness has a certam, 
if limited, range of variation. 

An attempt has been made to determine the number of impressions 
which are simultaneously apprehensible by an act of visual attention. 
The number is dependent upon the duration, intensity and extension 
of the stimuli; but also, as can be readily understood, upon the 
intercoimection of the separate impressions This latter condition is 
very diflicult of eliminaUon. It obviously depends upon the habihty 
of reproduction of a complex whole as such (§ 30. 4). Hence the 
fact that words of four or five letters, «^., can be apperceived almost 
as easily as single letters simply proves that the attention may be 
concentrated upon a complex almost as intensively as upon its separate 
constituents, provided always that the complex is defimte and ^miliar 
and, therefore, liable of reproduction in its entirety. On the other 
hand, if the letters presented together do not 'make sense’, t.«., if the 
habihty of reproduction of each separate impression is approximately 
equal and the complex has hardly any value of its own as an incentive 
to reproduction, the number of letters which can be simultaneously 
apperceived in the time required for the apperception of a single 
impression is reduced to two. Ag^, if we have had some practice 
in the analysis of chords, we find it comparatively easy to pass an 
accurate judgment upon the particular tones or clangs which they 
contain. Here too, the total impression has become associated with 
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a knowledge of the elements which are required for its production; 
the judgment is not based upon an equal distribution of apperception 
to all the individual constituents of the chord. So that if the degree' 
of concentration of the attention is to be measured by the number 
of contents upon which it is directed, care must be taken to select 
impressions wUch are equally liable of reproduction and whose juxta- 
position does not give nse to a complex which may reproduce or be 
reproduced as such. Our principal criterion of concentration in every- 
day life, however, is the relative inaccessibility of consciousness to 
other ideas than those which are placed directly at the conscious 
fixation point. Absentmindtdness, tA., is simply a sign of intensive 
concentration. 

7. Lastly, we have to consider the influence of attention upon the 
temporal course of conscious contents, (a) The quickness with which 
an impression is perceived is proportional to the concentration of 
expectation, of voluntary attention upon it. We have already had 
many illustrations of this rule (§ 66). If a visual and an auditory 
impression are given simultaneously, the visual sensation normally comes 
later, owing to peripheral conditions; but its retardation may be more 
than counterbalanced under certain arcumstances by the preference 
accorded to it by apperception. (()) The rapidity of reaction is essen- 
tially dependent upon the direction of the preparatory attention. Here 
again, it is in reproduction that the effect of attention is manifested. 

After this hasty survey of the effects of apperception, we may 
attempt a brief summary of the more important phenomena. It 
must be admitted that the element of hypothesis cannot be wholly 
eliminated. But it seems proper— the feelings being ruled out, for 
reasons already given — to distingmsh between a change of sensations 
and sensation attributes and a chaise of tlieir reproductory activity. 
All the effects of attention appear to fall under the one or the other of 
these rubrics Its principal function in the former case is that of mtensifi- 
cation, in the latter that of increase of liability of reproduction. This 
statement must not, however, be interpreted to mean that attention is 
a creative principle, capable of increasmg the intensify of given sen- 
sations by a certain definite amount, or of quahfying them for repro- 
ductoiy functions to which they would otherwise be inadequate. The 
determination of either kind of change is purely relative; and the 
result is, therefore, necessarily ambiguous. That is to say, the facts 
may be explained on the theory that apperception simply removes 
obstacles which prevent the maximal functioning of the contents in 
consciousness, as well as by the assumption that it positively enhances 
the attributes or activities which are normally predicable of these 



1 74. TBB CONCOMITANTS OP ATTENTION. 


433 


contents. The fonner view gives the attention a directly inhibitory 
function, the latter ascribes to it a direct reinforcement of perception. 
The phenomena can be explamed in either way, — except that the 
second view requires to be supplemented by the first, whereas this 
latter furnishes of itself a comprehensive and consistent theory. We 
will postpone our decision between them to a later Section (§ 76). 

§ 74. The Phenomena which accompany Attention. 

I. No systematic investigation into the concomitants of attention 
has as yet been instituted. The more physiological processes which 
appear in the train of attention stand in especial need of accurate 
experimental observation and determination. There can be no doubt 
that a long list of involuntary bodily changes of varying origin bears 
a characteristic relation to the direction and vividness of attention, as 
it does to the course of the feelings We have already mentioned 
one curious fact* that the acceleration of pulse which is coimected 
with the dommance of the feeling of pleasantness in consaousness 
decreases when the attention is directed upon the feeling itself; and 
that the slowing of the pulse due to unpleasantness becomes stall 
more marked under similar circumstances (§ 39. 3). The stimuli employed 
in these experiments for the production of pleasantness and unpleas- 
antness were of very difiPerent character, so that the results may be 
assumed to possess general vahdity. Again, we all ‘hold our breath’ 
when we are trying to be more than usually attentive. This phenomenon, 
it IS true, is very closely connected with that of listening, f.«., with the 
attentive expectation of auditory impressions; and we might, therefore, 
be inclined to suppose that it simply indicated a desire to rid the ear 
of disturbance by the sounds of expiration and inspiration. But similar 
phenomena recur in other sense departments. Wherever apperception 
is rendered more than usually difficult by the faintness or bnef 
duration of the impression, or the sunultaneous presentation of dis- 
tractmg stimuli, the observer does his best to inhibit resQiiratioiL A 
pneumographic investigation of this correlation showed that the breath 
was always taken more quickly and less deeply when the attention 
was exclusively concentrated upon definite sensations or intellectual 
operations. The change became more apparent with increase of efibrt; 
and was greatest under the influence of distracting stimuli. Another 
involuntary consequence of attentive concentration is the arrest of 
movement of the body or limbs. When we fall into a ‘brown study’ 
we slacken our pace, or even come to a standstill. If an idea suddenly 
seizes upon us with full force, we interrupt whatever movement we 
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may be making, quite automatically. All these processes point to 
inhibitoiy effects, brought about by intensive concentration of the attention, 
upon the motor iimervation of muscles whose activity is not implied 
in the attentive act 

2. Besides these concomitant phenomena of motor inhibition, which 
obviously assist in securing the maximal concentration of the attention 
upon the object to which it is directed, there are others which possess 
the character of adjuvant processes. In the first place we may men- 
tion the probable local hyperxmia of definite brain areas whose 
acbvity is implied in the presence of the apperceived contents. 
This functional hyperaemia, which is due to arterial dilatation, must 
certainly serve to increase the exatability of the region over which it 
occius. And peripheral phenomena of the same kind have also been 
recorded. If we hold our attention for some time together upon a 
particular part of the skin, there arise sensations of pressure or tem- 
perature, of pncking, and even of pain, which are localised at the 
exact spot which has been the object of contmued energetic and exclu- 
sive observation. The substrate of these sensations might possibly be 
looked for in the weak excitations constantly set up at all parts of 
the sense organ, and now brought to consciousness by concentration 
of the attention. But it has been more plausibly conjectured that they 
are correlated with the vasomotor changes which this concentrabon 
madentally produces. In all probabili^ the remarkable phenomena which 
have been noticed in hypnosis and, under similar conditions, in cases 
of mental ‘shgmatism’ should be referred to the same cause. In 
principle, at any rate, it is not more incomprehensible or enigmatical 
that an innocent piece of paper should induce reddening and inflam- 
mation of the skin to which it is applied with the suggestion that it 
is sbcking-plaster, or that scars should make their appearance at 
uninjured parts, than that definitely localised cutaneous sensations 
should be aroused with a for less mtensive engagement of the attenhon. 
We should then have to suppose that centrifugal exatations are pro- 
pagated fiom the sensory r^ons primarily concerned in the attentive 
act to the peripheral oigans with which they are connected. These 
centrifugal effects would naturally show themselves m certam sensory 
changes, as well as in motor. The recent demonstration of the exist- 
ence of centrifugal sensoiy paths removes the only real difficulty in 
the way of the hypothesis (§ 9. 9). 

3. Several trustworthy observeis have stated that they are aWe to 
call up at will visual sensations of definite quality and of equal vivid- 
ness with those of external perception * These visual qualities are 

* I have often lucceeded in making colonn, which I tried to bring viridljr to mind. 
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as a rule quite clearly distinguishable from ordinary memorial images. 
And as in certain extreme cases they have been found to give rise 
to after-images, there can be absolutely no doubt that the peripheral 
organs are concerned in their ongination. But the mechanism of the 
whole process is obscure, and it is impossible to decide between the 
various theoretical eiqilanations. In any event, associative interconnec- 
tion must be an important factor; for the effort to see a particular 
colour is at ftrst upheld simply by certain judgments,— spoken, heard 
or merely ideated words, which are adequate to excite the sense organ 
by virtue of their liability of reproduction, as reinforced by an appro- 
priate direction of the attention. It is clear that voluntary attention 
must reap a very special advantage from the working of this mechan- 
ism. For if continued concentration of the attention gives nse to 
actual sensations, the physiological sense apparatus must obviously be 
rendered at the same time pecuharly susceptible to external impressions. 
Hence we can readily understand that vividness and concreteness of ex- 
pectation constitute the most fovourable conditions of perception (§ 5. 6). 

4. Among the motor processes which subserve the concentration of 
the attention upon a particular object, the adaptation of the sense 
organs occupies a place of especial importance In a very large number 
of cases this adaptation appears to be altogether involuntary. Thus 
the twitching of the skm which has been observed in experiments 
with pressure stimuli upon the cutaneous sensibihty of the bhnd is 
probably to be interpreted as a movement of adaptation, leading to a 
more exact perception of the impression. Again, we often speak of 
‘straining the ears’, when our expectation or attention is intensively 
directed upon auditory stimuli. It is uncertam how for the muscles 
tensor tympani and stapedius are concerned in this state (§ 16. i), 
though it would seem that the tensor is strongly contracted for the 
hearing of high tones. But the most familiar phenomena are those of 
ocular adaptation. Not only are binocular movements and positions 
apparently dependent upon their serviceableness for attentive vision 
(§ 58. 8)> hut the mechanism of accommodation secures the mc»t 
favourable conditions for attention both by voluntary and involuntary 
function. Similar phenomena recur in the departments of taste and 
smell. The rhythmic movements of respiration, of the limbs and of 
the whole body, which have often been noticed as concomitants of 
attention, are of more secondary importance. When we are listening 
to a particular rhythm, t.g., we are apt to ‘keep time’ by involuntary 
movement, and our apprehension of the time relations of the stimulus 
flaih out upon the darkened Held of vision. Several of my observeii in the ezpenments ^ 
described in | aS. a were able to call up colour sensations in any required order. ^ 
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seems to be facilitated by this accompaniment Lastly, certain recent 
investigators have spoken of a predupoiition of the sensible attention, 
which they regard as partly motor and partly sensory in nature, and 
as manifested m the formation of a disposition in lower centres to the 
correct continuation of repeated movements or sensations (cf. § 5. 7). 
This phenomenon must certainly be interpreted as an effect of attention 
which stands upon the same plane with the adaptation of the sense 
organs. As such, it necessarily acquires considerable importance in all 
cases where the reaction upon definite kinds or forms of movement 
or sense impression tends to become automatic by continued practice. 

5. There were two alternative theories of the effects of attention 
(§ 73 - 7) 1 ^ similar alternative theories of its concomitant 

phenomena. All the motor processes of which we have spoken in this 
Section can be regarded either as adjuvant or as inhibitory. The 
former view finds its chief support in the direct reinforcements of the 
attention, whose discussion begins in our second paragraph. On the 
other hand, the phenomena enumerated in the first paragraph must 
be classed as inhibitory effects, whatever ideas are entertained as to 
the nature of attention itself. Whether the inhibition hypothesis alone 
is adequate to the facts, or whether their explanation requires a 
combination of the two theories, can be decided only in the light of 
introspection. We shall return to the question when we attempt to 
give a theory of attention {§ 76). 

With the motor concomitant phenomena arc conjoined certain 
sensations, which thus constitute a characteristic factor in every process 
of attention They are for the most part strain sensations, arising 
from the adaptation of the sense organs and the position of the body 
or limbs; and they are indicated m the phrases ‘strained’ attention, 
‘intent’ expectation, etc. They form one of the chief aids in our 
subjective measurement of the intensity of attention and expectation 
(§ 73- 2); and they furnish a sensory background for ‘intellectual’ atten- 
tion, — localised, in this case, prinapally m the head (forehead or back 
of the head). In view of the great variety of sources from which they 
are derived, they must, of course, be regarded not as constitutive, but 
only as consecutive characteristics of the state of attention. They 
stand guard over attention, so to speak, to prevent its too persistent 
occupation with a single object; and their growing unpleasantness is 
a warning signal of excess of fimction in some particular part of the 
nervous system, which must ultimately prove harmful to the organism. 

I 75 The Conditioiu of Attention. 

I. We must not be understood to mean by the ‘conditions’ of 
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attention the conditions of the state as such. We use the word simply 
to denote the incentives which lead to the appearance of parrinilar 
contents m the attentive state. The question which we have to answer 
here is, therefore, that of the cdrcmnstances which attract the attention 
upon these particular processes. For attention is always alert and busy 
during the waking hours of consciousness; it is the higher court of 
consaousness, as someone has said, to which comparatively few of 
the processes in the lower consciousness have access. — But we also 
distmgmsh different dtgrtts of attention, according to thh intensity of 
its concentration or the steadmess of its hold upon the various contents. 
We must, therefore, as far as we can, elucidate the conditions of these 
degrees of attention. 

We can distinguish two different classes of conditions, using the term 
as defined just now: txttmal and internal conditions. The former 
consist of different motor and aeosoiy characters, which give a content 
the advantage over other contents, the latter in the affective value of 
an impression, and in its relations to phenomena either actually given 
in consaousness or contamed in its past history. All these conditions 
are primanly valid for the phenomenon of mvolimtary attenUon But 
they are also of influence upon the voluntary form of the process, as 
is shown in the increased ease or rapidity with which the attentive 
act IS accomplished under their durecflon. And they enable us at the 
same time to explain the relative vividness, the greater or less degree 
of attention m the mdividual case. 

I. External Conditions. 

2. (a) Afetor Conditions . — ^The interest of psychologists in recent 
years has largely centred in the motor processes, and a theory has 
been proposed which makes them the essential fiictors m attention 
Such a view is plainly onesided and inadequate to the explanation 
of all the phenomena. At the same time, its elaboration has led to a 
thorough investigation of what we might call the expressive movements 
of attention, as well as of the motor processes which help to induce 
and maintain it. It is with the latter that we are concerned m the 
present coimection. We include imder the rubric of ‘motor conditions’ 
every kind of predisposition of the motor apparatus, whether purposed 
or acadental, for the reception of definite sense impressions These 
conditions, therefore, border very closely upon certain of the concomitant 
phenomena of attention, — more especially the adaptation of the sense 
organs (§ 74). The difference is, that in the previous Section we 
meant by this ‘adaptation’ a motor phenomenon produced naturally, by 
way of reflex movement, or voluntarily, by a definite attitude of 
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expectation, as a concomitant or consequence of attentive perception; 
whereas here it specifies a condition of the preferential direction of the 
attention upon particular impressions. Other things equal, 4 .g., the 
attention is more liable to be attracted by the object which accident 
or intention has brought under the motor conditions of clear vision 
(fixation and accommodation). Some part is also played by the position 
of the body and by other adaptive processes. It may be doubted, 
however, whether these motor phenomena are really to be regarded 
as a special class of conditions, over and above the sensible effects 
to which they give rise. We shall, perhaps, be more correct in supposing 
that they are only induectly conducive to the apperception of particular 
contents, as deteimimng the attributes of the contents themselves. 

3. (A) Sensory Conditions. — Under this title we include all those 

attributes of peripherally or centrally exated sensations which give them 
an influence upon apperception, apart from the relations which they 
bear to other contents simultaneously present in consciousness. The 
first to be mentioned is of a purely negative character; it consists in 
the absence of other impressions. The more completely isolated a 
sight or a sound, the more powerful is it to attract the attention. 
This observation must obviously be brought mto connection mth the 
facts of the ‘concentration’ of the attention and the ‘narrowness of 
consaousness’ (§ 73. 5); and it probably gives the explanation of 
contrast effects (§ 68. 7). For an isolated visual or auditory impression 
can receive a measure of attention which is altogether impossible when 
it is accompanied or surrounded by a number of other objects of per- 
ception. And (internal relations apart) a contrast effect, which shows 
itself in an especial facility of apperception of an object standing out 
against its environment, consists simply in the relative isolation of the 
particular impression. — The most prominent of the positive attributes 
is mtensity. Relatively intensive impressions attract the attention, in 
all sense departments alike. It is as if the intensive stunulus 
had power to enter the magic circle which surrounds the upper con- 
sciousness. In view of the early appearance of a relation between 
mtensive sense impressions and reflex movements in the course of 
individual development, we can hardly question its biogenetic character. 
All the equivalents of intensity have a similar influence upon apper- 
cqption. Thus the attention is readily aroused by a stimulus of 
considerable extension or duration, even though it be of but slight 
mtensity. In the adult consciousness the effect of all these external 
conditions is greatly obscured by the overwhelming importance of the 
internal. Hence it can obviously be traced most directly m the minds 
of children or animals, where it is least liable to inhibition from withm. 
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II. Internal Conditions. 

4. (a) The Affective Value of the Imprtsston. — ‘Interest’ is so constant 
a condition of the apperception of a particular consaous content that 
it has often been identified with attention itself. Hence we sometimes 
find it said that attention is simply a feeling. But as an agreeable 
impression holds our attention as strongly as a disagreeable impression, 
from which we cannot escape, while the state of attention may be the 
same m both cases, we must evidently draw a sharp Ime of distinction 
between it and the feehngs. Moreover, ‘mterest’, as ordinarily 
understood, implies that it is a pleasant feeling which attracts the 
attention to the special content. But there can be no question that 
an unpleasant or pcunful stimulus, from which we are unable to firee 
ourselves, forces its way to the conscious fixation pomt and keeps 
the attention directed upon it. Both facts are suffiaently accounted 
for by their relation to the mamtenance and furtherance of life — It 
may be that the effect of intensity upon apperception, which we 
mentioned above, is also exphcable by its influence upon the feehngs 
(§ 37 - 6, 7) 

(^) The Relation of the Impretsion to the Psychophysical Disposition . — 
This headmg covers the most important conditions of attention m the 
adult consaousness. We mclude under it (a) the assodabve relations 
of the impression to the ideas already present in consaousness, {p) 
its relations to the materials of reproduction; and (y) the relative 
vacancy of consaousness. 

(a) The greater the liabihty of reproduction which an impression 
possesses, the more readily does it attract the attention. The careful 
observance of this law is one of the chief conditions of pedagogical 
success in education and instruction. The matter to be assimilated 
must be brought into connection with the store of past expenences, 
whether by its similarity to what is already known or by some other 
mcentive to reproduction. The whole course of thought is largely 
regulated by the same principle 

5. Voluntary attention also makes use of these associative relations 
for the apperception of particular impressions or ideas. And another 
fact which belongs here is that impressions which repeat or resemble 
ideas already present in consciousness are especially hable to attract 
the attention. For as they possess an equal habihty of reproduction 
(§ 30. 10), they are very likely, other things equal, to oust the given 
contents from the consaous fixation point (cf. § 69 5). {/}) In speak- 
ing of the relation of the perceived impression to the materials of 
reproduction, we mean that identical or similar contents have been 
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previously experienced, and have thus set up functional dispositionB 
(cf. § 9. 8), which facilitate its entry into consciousness and into 
the state of attention in the particular case. ‘Spontaneous’ ideas 
(§ 30* 9 > otc.) fall under this head. They come to attention by 
virtue of the persistence and vividness of their materials of reproduc- 
tion, quite apart from any other attnbutes or relations. More 
important is the fact that the power of a centrally exated sensa- 
tion to attract the attention varies with the level of preparedness 
(§S 31- 3; 71- 7) to which it has been raised by its psychophysical 
disposition. This explains why it is that we can single out an overtone 
in a clang with espeaal faahty after we have previously heard it m 
isolation; or that the histologist hnck in his preparation a number of 
interesting details which altogether escape the unskilled eye, etc. The 
rule can also be pressed mto the service of the voluntary attention, 
as when we arouse the materials of reproduction of an expected 
impression as intensively as possible, t«., raise them to the highest 
possible level of preparedness. The tune required for this maximal 
preparedness in simple cases appears to be approximately constant 
It has been found m reaction experiments, and in speaal mvesti- 
gahons into the dependency of attention upon time interval, to be 2 
to 2 5 secs. (§ 69. 5) (y) The relative vacancy of consciousness is 

the counterpart of the absence of rival stimuli, cited under the head of 
external conditions The less occupied attention is at the moment, 
the more likelihood will there be of the apperception of the impression. 
All these internal conditions combine and conflict with the external 
in the most vanous ways. But it is owing to the relative preponderance 
of the internal, that distracting stimuli, at least as employed hitherto, 
do not afibrd a reliable measure of the degree of attention (§ 73. 2). 

6. It would seem that the state of attention cannot be prolonged 
beyond a certain time limit It is a matter of common expenence 
that if an apperceived stimulus persists for any length of time, our 
susceptibility to it soon becomes blunted. Quantitative expression has 
been given to the time relations of attention in a number of experimental 
researches. These have alwa3rs employed the stunulus or difference 
limen, since in their case decrease of excitability must mean disappearance 
of impression or difference, and can thus be most easily remarked. 
The results are exceedingly interesting. It is found that if attentive 
observation is prolonged beyond the first disappearance of the stun- 
ulus or stimulus difference, there is a return of it to consciousness; 
this is a^ain followed by disappearance, and so on,— noticeableness 
alternating with unnoticeableness as long as the experiment is continued. 
In some cases the phenomenon is approximately penodic, appear- 
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ance and disappearance succeed each other at approximately equal 
mtervals of time; but ordmarily there is no evidence of penodiaty. 
The phenomena recur in different sense departments, and may also 
be observed when apperception is continuously directed upon centrally 
exated sensations. Hence it is probable that they are due to central 
and not to penpheral causes. The observer’s belief that the d^ee 
and duection of his attention remam unchanged throughout the experi- 
mental senes can hardly be taken as a decisive argument to the 
contrary Moreover, the central hypothesis is confirmed by the ob- 
servation that the experimentee can discriminate very positively between 
the subjective disappearance of a persistent stimulus and its objective 
cessation. The rhjrthm of respiration does not appear to exert any 
considerable influence upon these jhutuaUont of th* atttntion, as they 
are called, and the changes of accommodation and eye movements, 
which have been made responsible for their origination in the sphere 
of vision, are in all probabih^ of merely secondary importance. It is 
hardly possible, as things are, to give an adequate theory of the 
phenomena It seems reasonable to suppose that the exclusive di- 
rection of the attention at a constant mtensity upon a particular 
impression carmot be maintained for any length of time, owing to the 
necessary inhibition of the other contents which are crowding in upon 
consaousness; and that it is, tiierefore, interrupted by intervals, in 
which the mhibited processes secure some measure of recognition. 

I 76. The Theory of Attention. 

I. The explication of the special conditions under which a content 
enters mto the state of attention does not cany with it the determi- 
nation of the essential factors in attention itself. In the foregoing 
Section we assumed that there was a general difference between the 
consaous fixation point and field of regard (§ 73. 6); but we made 
no attempt to explam it. It is conceivable, of course, that attention 
IS nothing else than an increased mtensity of sensation; and this view 
has actually been held, more especially by the English psychologists. 
But Its refutation does not require many words, (a) According to 
Weber's law, the absolute difference limen of intensive sensations is 
greater than that of weaker. If attention consisted in an increased 
mtensity of sensation, therefore, the absolute sensible discrimination 
would be less at a high degree of attention than it is at a lower 
degree or in the state of complete inattention. The facts are absolutely 
opposed to this conclusion, {§) Moreover, it is a matter of familiar 
experience that the vividness or d^;ree of attention is itself capable of 
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quantitative gradation, and that the differences may be distinguished 
from differences m the intensity of sensations, (jf) Lastly, while we freely 
admit that contents are really intensified in the state of attention, we have 
already pointed out (§ 73) that the intensive diange is possible only within 
certam narrow limits, and is not adequate to explain the passage from 
uimoticeableness to its subjective antithesis, noticeableness. Indeed, it 
may be said in general that any mere statement of the changes pro- 
duced by apperception, and of the empirical conditions under which 
a content is apperceived, fails to explain two essential facts: that the 
mtemal conditions, though very much less intensive for consaousness, 
exercise so preponderant an influence upon apperception; and that mhi- 
bition of motor and sensory processes may be so complete and bx 
reaching. 

2. Another recent theory of attention, of which Ribot is the pnn- 
apal representative, distinguishes ‘spontaneous’ from voluntary attention, 
as the genetically earliest form of the attentive state. This rudimentary 
attention is the outcome of the natural impulses and desires; and 
its essential elements are the motor processes which we dealt with in 
our Section upon concomitant phenomena (§ 74). “ In a word, the 
attention is simply an emotive state translated mto terms of motor 
energy.” The voluntary form does not differ m kind from the spon- 
taneous* rt is simply later m the order of development, and depends 
upon the emotions or impulses acquired by education. It is a ‘socio- 
logical phenomenon’, developied by the needs and exigenaes of social 
life. It is plam that the distinction is different from that of voluntary 
and mvoluntary attention discussed above (§ 72 5). Apart from this, 
however, the theory attaches far too much importance to accidental 
conditions and secondary phenomena. ‘Emotion’ means in it what 
we have termed the ‘affective value’ of the impression (§ 75 4). We 
do not, of course, dispute the influence of this factor, but we are 
unable to understand how Ribot can make it the exclusive and ultimate 
condition of the state of attention. The importance of the motor 
phenomena is also exaggerated by the theory. As a matter of fiict 
they are either simply expressive movements, of generic or mdividual 
development, on the same level with the analogous processes m emotion 
and impulse; or they serve a subordinate purpose, as reinfoicing or 
main t aining the changes set up by the attention. And lastly, h is 
difScult to see how we should distinguish a phenomenon of impulsive 
or emotive expression from the process of attention, if these factors 
were the sole cnteria of difference. Ribot, it is true, makes the further 
statement that monoideism, a characteristic intellectual process which 
corresponds to what we have called ‘concentration’ (§ 73. 5), is the 
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differentia of attention. But if this shows that he realises that attention 
18 not simply emotion or movement, it throws his failure to provide a 
real theory of its origin into still stronger relief. 

3. An explanation of the attention in purely psychological terms, 
such as has been attempted, e^., by Herbart, obbges its adherents to 
ascribe a determining influence to the unconscious as a psychical 
process, if not to make it the one primal force in mmd For there 
can be no doubt that the most essential conditions of the origm and 
mamtenance of attention must be sought outside of consaousness 
The evidence on this pomt is overwhelming. The force of the attention 
IS wholly unmtelligible on any other hypothesis; it is a frequent 
experience that the mcentive to the preference of a content by apper- 
ception does not come to consciousness; and individual variation of 
the capaaty of attention m normal subjects, as well as the differences 
observed in pathological cases, put the assumption of definite physio- 
logical conditions of a central character beyond the range of question. 
We cannot denve apperception itself from any of the conditions, 
known or assumed, of the origination and determination of sensations 
or ideas. For the characteristic differences of attention displayed by 
different mdividuals and in different forms of mental disease appear 
to be in a certam measure mdependent of the penpheral or central 
excitations which we look upon as the conditions of sensation. Idiots 
and dements, e.g., show an abnormal weakness of attention in all 
directions, a general mcapaaty of concentration and insusceptibility 
to external and internal stunuh In other casob, consaousness is 
always in a ferment of change,— ideas come and go in inextricable 
confusion, and the patient has no power to direct his thoughts or 
regulate his actions. This state takes on its most pronounced form 
m delinum and mania; but it also occurs in a less marked degree in 
imbecility. Indeed, it is the difference m the attitude of attention 
which has led to the distinction of imbecility from idiocy, as a speaal 
type of mental disease. Lastly, we have instances of abnormality of 
attention in the shape of an insistence of particular contents, which 
have practically undisturbed possession of the conscious fixation point 
Hypochondria, melancholia, and the well-defined illusions of paranoia, 
furnish familiar illustrations of the pathological concentration of the 
attention upon a single object. As all these phenomena are com- 
patible with the utmost variety of mental furniture, and there is no 
necessary mterference with the ordinary conditions of ideation, peripheral 
and central, we carmot resist the conclusion that they must be referred 
to some specific cause. 

4. The first systematic investigation in which the necessi^ of a 
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special psychophysical theory of the attention is recognised was earned 
out by G. £. Mtkller. According to Muller the process of attention 
consists primarily in a centrosensory reinforcement of peripherally exated 
or centrally prepared sensations or ideas. It is not clear whence this 
reinforcement is derived; but it serves either to mtensify a present 
excitation, or to increase the disposition or preparedness for a future 
or expected excitation It may perhaps be conjectured that a special 
central organ is the centre of the reinforcing influence. But apart from 
the indefiniteness which attaches to this particular point, the question 
arises whether a reinforcement, a positive alteration, is really to 
be r^iarded as the fundamental phenomenon m attention; and it is a 
strong objection to Mailer’s theory that it fails to discuss, what is 
certainly not less important, the phenomenon of mhibibon. We have 
had occasion to remark in more than one connection that the changes 
which conscious contents undergo m the state of attention, and the 
motor phenomena which follow in its tram, admit of two mterpretations, 
one of which accredits attention with functions both of remforcement 
and inhibition, while the other attempts to explain all the ^ts in 
teims of inhibition alone (§§ 73. 7; 74. 5). On the former \-iew the 
sensory and motor changes which we find in attention cannot be wholly 
derived finm the nature and attributes of the contents themselves. On 
the latter, the penpheral and central exatahons and their relations, if 
they can secure free and unimpeded recognition m consaousness, 
produce all the phenomena which characterise the state of attention, 
of their own power and by their own laws; and the function of apper- 
ception consists simply m the suppression of competitive activities. There 
seems to be no vahd objection to this second hypothesis, which is 
certamly the simpler of the two; and we may, therefore, follow it in 
regarding the psychophysical process m attention as a process of inhi- 
bition. The phenomena of voluntary attention might, perhaps, be ated 
in favour of the alternative position. For there, it may be urged, we 
surely find a positive preference accorded to particular contents, — 
everything is prepared on the sensoiy side for the furtherance of their 
underlying excitations, and motor arrangements are expressly made to 
facilitate the reception of the expected impressions. But it will hardly 
be supposed that this motor adjustment has not originated by way of 
associative co-exatation ; and it will hardly be denied that expectation, 
even when voluntary and defimtely direct^ has been detemuned by 
mcentives to reproduction. There seems no reason, therefore, for the 
assumption that the associative relations, which are certainly involved 
in voluntary attention, are not able of themselves to produce all the 
observed effects. 
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5, If we combine the view that the functions of the attention 
require the existence of a specific central organ with the hypothesis 
that all these functions may be regarded as inhibitory processes, we 
obtain Wundt’s theory of apperception in its most recent formulation. 
Since a weakening of the attention implies a weakening of the intelh- 
gence, and intellectual derangement is correlated for the most part with 
an abnormal state of the frontal lobes, Wundt conjectures that the 
organ of apperception has its seat in the frontal area of the cerebral 
cortex. The theory finds further siqiport in the growing importance 
of the frontal brain as we rise higher in the scale of organic evolution, 
and in the fact that it stands in anatomical cormection not only with 
an the sensory centres of the cerebral cortex, but also with the motor 
region, and with the central organ which ranks next below the cortex in 
general importance, the thalamus opticus. No other part of the brain can 
lay claim to such universal significance. And so far, physiological investi- 
gation has not resulted in the ascription of any special frmction to the 
frontal lobes. On the other hand, there is strong physiologic^ evidence 
of inhibitory processes, originated in a supreme cent^ organ: evidence 
which long ago led to the hypothesis that the will is an organ of 
inhibition. It is true that the mechanism of the interconnection of all 
these different centres is at present capable of no more than schematic 
representation. But the important point is, that the idea of a ph3rsi- 
ological, functional inhibition is nothing new or unusual; that similar 
ideas of the inefficacy of certain peripheral or central exdtatioiis are 
suggested by the phenomena of mental deafiiess and mental blindness 
(§ ^7- i)\ there is no difficulty in imagining the process of 

inhibition translated into physical and chemical terms. 

G. E. MUller : Zur Theorit der HnnHchen AufmtrkscanMt. 1873. 

T. Ribot : Psychclogu cU tatt*ni%on. 1889. 

L. L. Uhl ; At/nUum . a HxstoriccU Summary. 1890. 

A. Bertels ; Vertueha Uicr du Abltnkung der Aufmerksamkeit 1889. 

E. DUit : Die Lehre v. d Aufmerksamiett. 1907. 

Cf the expenmental lavestigaboiis of N. Lange, Eckener, Pace, Marbe and 
Lehmann, in the Pkths. Studun, also articles in Z*Us f. Psychol, and Amur. Joum. 
of Psychol. 

I 77. Will aod Self-consdonsness. 

I. It is usual to describe the activity of will as external or internal, 
according as its aim or result is a bodily movement or a change in 
the course of ideation. Will, is regarded as a subjective power or 
capacity to exercise a determining influence upon conscious processes or 
movements of the body. It is plain that a capacity of this kind need 
not be conscious. At the same time, we do not ordinarily speak of ‘ will 
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except when we may assume that there is consdonsness at least of 
the result of its activity. Indeed, it is this hict of consciousness of 
the result which furnishes the diief ground of distinction between 
vohmtaiy action and automatic or reflex movement Some psycholo- 
gists maintain, however, that the capacity as such, the power by which 
the willed result is achieved, is a conscious process. Such a view is 
more especially suggested by the phenomenon of choice: and hence 
we find win regarded as a selective activity, which decides or resolves 
iqx>n some one of various possibihties. There thus arises the further 
distinction of selective and impulsive acbon. Impulsive action fol- 
lows directly at the best of a dominant incentive . but the characteristic 
power of the will is manifested only when a number of actions are 
suggested by reasons of equal weight, and a decision must be made 
in favour of one particular course. Lastly, the discussion of the will 
IS rendered sbll more complicated by the question whether the process 
of internal or external voluntary action anywhere contains a third 
qualitatively irreducible dement, a specific ‘voluntary act’, in addibon 
to the familiar contents of sensation and feeling, the elementary 
nature of which is universally admitted. 

2. This last quesbon may be ruled out of our present inquiry 
without hedtation, as we have devoted a previous Section to its answer 
(§ 40). It will be remembered also that when we were speakmg of 
choice in cormection with reaction tunes (§ 70. 3) we found no reason 
to postulate a specific conscious act to account for it. There is, it 
is true, one great diflerence between the choice reaction and the 
sdective actions of our practical eiqierience. The reaction movements 
depend upon an equal number of simple and well defined conditions; 
while choice, as an experience of ordinary hfe, and an experience 
which not seldom involves distressing anxiety, either requires a certam 
amount of reflection, or is partially determined by unconscious incentives. 
But reflection, psychologically considered, is nothing else than a more 
or less comphcated series of reproductions, assooativdy originated, and 
possibly abbreviated by the exclusion of intermediary terms (§31 6) 
We have already had a priimtive instance of it in one of the complex 
forms of choice reaction (§§ 70. 6; 71. 5). Moreover, the co-operabon 
of unconscious incentives to reproduction is nothing unusual; it is often 
appealed to, e.g., as an explanation of spontaneous ideas (cf § 29. 2). 
So that the differences between the act of choice in common life and 
the choice of the compound reacbon experiment are not such as to 
necessitate the hypothesis that decision or selection is a new and 
qualitabvely irreducible process. And, consequently, there seems to 
be no reason for the idenbficabon of will with choice, or of voluntary 
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with selective action. Hence we may say in conclusion, that as the 
incentives to voluntary activity may be of exceedingly different kinds, 
and as any other mtemal or external change may be set op at the 
instance of conscious or unconscious incentives, the one phenomenon 
which is characteristic of vnll is the consciousness of the result, the 
end or aim, of its activity. 

3. This hypothesis, however, seems to require further and more 
accurate definition. For we may be conscious of the results of an 
action, though we have neither the power nor the will to contribute 
anything to its execution. We will accordingly define voluntary action 
as the internal or external activity of a subject which is conditioned and 
sustamed by the conscious idea of its result This idea, like every form of 
expectation, may be more or less determinate; we may ideate the 
result quite concretely and unequivocally, or in a more suggestive and 
general way, which simply outlines the sphere of activity by which it 
can be attained. We have an expectation of the latter kind in equi- 
vocally determined association reactions (§ 71. 6) We do not know 
what stimulus will actually be given in the individual case, but we 
have had named to us some general category under which it will fall 
or within which its reproductory effect is to be confined So, too, 
when we are trying to remember an occurrence, or are meditating 
over a problem, the conditions are often the same,— the result of the 
internal activity of the will is given only in the abstract And similar 
differences in the defimteness of the idea of the result may be traced 
in cases of external voluntary action. 

These considerations help us to answer the question of a psychological 
content of will, 1 e., of what will appears to be in mtrospective analysis 
(§ 32. 5). The idea of the result which is so important as exercismg 
a reg;ulative and determinative influence upon the course of reproduction 
or the execution of co-ordinated movements, can only be regarded as 
an apperceived content Hence, the internal and external voluntary 
actions differ simply in the special quality of the idea of their end, 
and of the processes which follow in its tram. We speak of an 
external voluntary action, when the object of apperception is an idea 
of movement This relation of will to apperception serves at the same 
time to explain the ‘power’ which is ordinarily attributed to it (cf. i 
above). 

4. The internal voluntary action is most familiar to ns in the form 
of thought. Here again we find an antiapatory apperception, which 
covers a more or less extensive circle of individual reproductions, and 
differs fi:om a group of acadental incentives to reproduction only in 
the consistency with which all ideas outside the circle are checked 
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OT suppressed. Wundt has made this difference the ground of dis- 
tmctionbetweenassociative and apperceptive connections (§§ 29. i ; 42. 6). 
Associative connections are formed by the contents themselves, apper- 
ception being concerned merely in its passive form: apperceptive 
connections imply the co-operation of the active apperception, which 
acts upon the peripherally or centrally ezdted sensations by way of 
connection or of disjunction. This distinction is intimately connected 
with Wundt’s discrimination of passive and active apperception which 
we have noticed above (§ 72. 5). Passive apperception is unequivocally, 
active apperception is equivocally determined. Now there can be no 
doubt that the apperceptive connection may be due to incentives 
which find but fragmentaiy representation in consciousness, i.e., which 
are determined by character, habi^ mood, and other resultant influences 
of the whole of the past course of individual development. But we 
can discover no good reason for regarding it as a really new form 
of connection, as mcapable of subsumption (at least in pnnciple) to 
the familiar laws of reproduction. Thought would seem to be differ- 
entiated from the automatic interplay of ideas not by the appearance 
of a spedfic kind of connection, but simply by the fact that antici- 
patory apperceptions assume the conduct of the course of ideation. 
Wundt himself sees no essential difference between the unequivocally 
and equivocally determined apperception in external voluntary action; 
and we can find no justification for its assumption in the domain of 
internal voluntary activity. 

5. We can touch but lightly here upon the vexed question of the 
freedom of the will. The problem centres round two points . the fact 
that we can deade between posabihties, when the vanous incentives 
are apparently of equal strength; and the judgment, which follows 
upon decision, that we could have deaded otherwise than we actually 
did. The fact of decision presents no great difficult to psychological 
explanauon. We have only to remember that the reasons which 
introspection or memory can discover for a psychophysical phenom- 
enon are but a small fraction of its actual conditions; and that, 
consequently, a decision may seem to lack incentives, or at least to 
be inadequately condiUoned, when it is not so in reality. And the 
subsequent judgment is partly explicable in the same way, since our 
estimate of the possibih^ of an aurtion is based upon an experience 
which includes these apparently unconditioned decisions. There is 
also the simple logical consideration that the statement of (or argument 
from) the possibility of a phenomenon involves nothing more than the 
statement of (01 argument from) its general conditions; and that 
constancy of general conditions may very well consist with the utmost 
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variety of special. So that the judgment is not by any means m- 
compatible with the existence of special incentives to the process 
forming the object of judgment, adequate to exclude other special 
conditions m the particular case. — The distinction between self-deter- 
minabon and influence from without we do not r^ard as an essential 
part of the problem. For this distmchon, which depends upon a clear 
diSerentiation of the ego and the non-ego, may co-exist with adequacy 
of conscious mcentives; and need not, therefore, imply any real choice, 
such as is always presupposed by the supporters of the doctrme of freedom. 

6. The development of telf-consaousnut has often been depicted, 
and its close relation to that of will rightly emphasised. But the state has 
also a sensible root, in the visual or tactual demarcation of the subject’s 
own body form the external world, which comes with the gradual 
delimitation of objects in space. Everything which can be brought 
into connection with the visual or tactual image of the body, as its 
attribute, activity, etc., is then ascribed to the self as attribute or 
function These facts have been greatly obscured by philosophical 
speculation, which makes the self appear as an abstract potency, 
practically independent in its final constitution of the sensible factors 
concerned m its onginabon But the language of daily life, and 
a whole number of pathological derangements of self-consaousness, 
fuimsh conclusive evidence that the visual and tactual idea of the 
body forms one of the most essential constituents in the idea of 
the self. It 13 not the sole constituent, of course- there is a mental 
content besides the sensible. The mental content varies in character 
and unportance with the course of individual development, bemg 
largely determined by the saenhfic, moral and religious behefs of the 
subject. It is on this side that self-consciousn^ is so closely con- 
nected with will. The experience that we are not wholly at the mercy 
of external influences and impressions, but can hold our own against 
them by choice and action, tt, the fact of apperception or will, is 
one of the most important incentives to the differentiation of the ego 
and the non-ego. And the same &ct imderhes the epistemological 
distinction of subject and object We have seen that this distinction, 
in the form of the twofold dependency of expenences upon external and 
internal factors, furnishes the entenon by which psychology is separated 
from natural science (cf. § i). 

7. Various suggestions towards a theory ofwtU, along very diflerent 
linen toay t»e found in the diflerent psychologies. As a rule, how- 
ever, the object of investigation has been not the will as such, but 
the voluntary action, — and more particularly the external voluntary 
action. The genetic method is most commonly followed, t.^.. 
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vohmtaiy action is denved from accidental movements and their con- 
sequences. Thus a child cannot ‘will’ to eat a parUcular kind of food, 
until it has tasted this same food and executed all the movements 
which subserve the act of eating. Only then can it have any idea 
of a result, the attainment of which necessitates its own activity. 
This view appears in Herbart, and has found its chief modem repre- 
sentatives in Lotze and Bain. It is doubtless correct in its descrip- 
tion of the origin of the mechanical connection between idea of result 
and movement; the arousal of definitely co-ordinated movements by 
an antidpatoiy apperception implies a liability of reproduction which 
can be due only to long continued practice. But it overlooks one 
essential point,— apperception itself. If we do away with the inhibi- 
tory power of apperception, it is difficult to see how any single idea 
of result can lead to a voluntary action. Hence we shall prefer to 
adopt Wundt’s view, which considers apperception and will as ulti- 
mately one and the same function. For the characteristic energy which 
we attribute to will, the eneigy which makes it the supreme power 
in our conscious life, would seem to flow firom one smgle source, — apper- 
ception. All the peculiar attributes of apperception are also predicable 
of will ; so that will, we may say, is only a special mode of manifestation 
of apperception. The phenomena of will are thus seen to be referable 
partly to the laws of reproduction, and partly to apperception. 
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S 78. Sleep and Dreams. Hypnosis. 

I. Consciousness does not present a continuous series of contents, 
but is always interrupted at more or less regular mtervals; and an 
experience once had is relegated, on the cessation of external or 
internal stimulus, to the sphere of the unconscious, from which it can 
return only under certain special circumstances Empirical psychology 
has no occasion to endow this unconscious with any but a purely 
physiological existence. We have found only one case which seems 
to contradict the rule: the case in which an unconscious state exerts 
a perceptible influence on consciousness. But here we really have a 
conscious process, whose sole difference firoin the other consaous 
processes of the time is its imposribility of separate perception. There 
are two connections in which these unconscious components are especially 
important: those of fusion and attention (cf. § 45. 6). The constituents 
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of the conscious field of regard in the state of attention generally form 
an unanalysed total impression; though any alteration or disappearance 
among them is remarked at once. The ‘unconscious’ in this sense 
IS, therefore, in reality something conscious, something which contributes 
in noticeable degree to the ps3rchical processes of the moment It is 
essentially different from the ‘unconscious’, in the strict meaning of the 
term, of which we can only say that it may possibly serve as an incentive 
to the reproduction of the experience with which it was once correlated. 
In the process of apperception in particular, the number of unconscious 
constituents in the total sum of incentives to reproduction may be veiy 
considerable. From this pomt of view, therefore, we may lay it down that 
the whole past history of consciousness is implied in every mental act, 
while we can understand the extent of the power wielded by apperception. 

2. But apperception is also interrmttent The state in which con- 
sciousness appears to be altogether blotted out we term tUtp, in contra- 
distinction to the activity of the waking life. The fact of sleep raises 
the question of the conditions of consaousness, t.«., of the special 
psychophysical factors which determine the entrance and continuance 
of sensations and feehngs in the conscious field of regard or at the 
conscious fixation point Of these conditions we know practically 
nothing. Observations have been made upon sleeping persons ; and the 
physiology of sleep has been investigated, and in some cases an activity of 
the brain m certam directions made out But the results obtained appear 
to be of a purely secondary character, and do not furnish any informa- 
tion as to the actual conditions of consaousness. This is obviously due 
to the imperfect state of nervous physiology. AH that we can do, then, 
is to mention the most important characters of sleep, as at present known. 

The depth of sleep has frequently been measured, in terms of the 
mtensity of the impression required to produce waking. It has been 
found to be a general law that sleep reaches its maximal depth very 
soon (about three quarters of an hour) after its induction, and then 
grows lighter by very slow degrees. It has also been observed that 
the blood supply and, therefore, the volume of the brain are relatively 
small in sleep, and are immediately mcreased by any sudden sense 
stimulus. This is confirmed by the bxX that the relative weight of 
the upper and lower parts of the body is different in sleeping and 
waking. If the body is balanced in the horizontal position in the 
waking state, the feet fall when sleep sets in, and the inclination appears 
to be proportional to the depth of sleep. Sleep can hardly be regarded 
as a special instance of the general phenomenon of fatigue, as it is 
often impossible under circumstances of extreme exhaustion. A theory 
of sleep must, therefore, include a reference to the attention, the 
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importance of which for its induction or prevention is well known. 
There is no surer means of produdng sleep than to tire the atten- 
tion. The effect would seem to consist in a imiveisal reciprocal inhi- 
bition of the psychophjrsical processes. 

3. But conscious processes are not altogether abrogated even in 
sleep. They appear in the form of dnams, and are most frequent ui 
the lighter stages of sleep, shortly before waking. Recent statisti- 
cal observations and experimental researches have served to throw 
some light upon the origin and character of dreams. The older theo- 
ries looked upon them as the result of a spontaneous ideational acti- 
vity and attempted to wring some deep meaning from them by all 
manner of tymbolical explanations. The more sober methods of modem 
inquiry have traced the origin of dreams to the intensive action of 
external or internal stimuh upon definite sensory centres. All ideas 
which are not directly related to the particular excitations remain 
inhibited. This is the pnnapal reason why the connection and inter- 
pretation of the dream consaousness are so essentially different firom 
those of the ideas of the waking life. There is no will to direct and 
regulate the train of thought; and hence the activities of the sleeper 
whether internal (dreaming) or external (sleep walking, possess the 
character of accidentally inated reproductions. It is a primary symptom 
of pathological exdtabihty that the dream consciousness retains the 
attnbutes of coherent voluntaiy tiiought It is plam that laws of the 
formation and course of the dream ideas can hardly be laid down in 
any detail. We can say, however, that their vividness, i.r., the near- 
ness of their approach to halludnations, is dependent upon the absence 
of other impressions, which might orientate or still further confuse the 
sleeping consaousness; and that there seems to be no departure in 
dreaming from the laws of reproduction which we have found to hold 
in the waking life. Lastly, it is a common expenence that dreams 
have but a dight effect upon the waking consaousness. This is mamly 
due to the &ct that ^perception is involved to a very slight extent, 
if at all, in their origination. 

4. We cannot enter here into the detaOed results of dream obser- 
vation. But we may devote a brief space to the consideration of a 
cognate phenomenon, the practical importance of which has given it 
a prominent place in recent sdentific investigation, — the phenomenon 
of hypnotii. Regarded from the purely ph3rsiological and psychophysical 
point of view, hypnosis presents so marked a resemblance in all 
essential characters to the normal states of sleep and dreaming, that 
theory and interpretation must certainly follow the same Imes in all 
three cases. All the influences which serve to bring on sleep are also 
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adapted to induce the hypnotic state: whether uniform and monotonous 
sensory stimulation, or a repetition of assurance or command. It is 
the latter kind of influence, the ‘psychical’ method of induction, which 
is now chiefly employed for hypnodsation, (a) because it is more 
convenient and less dangerous than the other, and (/}) because it paves 
the way for the subsequent reaction of the hypnotised subject to orders 
given m the same voice, with the same inflection, etc. There are 
different degrees of hypnosis, varying between the lightest and the 
deepest forms, just as there are different degrees of depth of sleep. 
Light hypnosis resembles a gentle slumber; the sleeper wakes quickly 
and easily, and remembers practically everything which he has expenenced 
during the contmuance of the state. The deeper forms are character- 
ised by phenomena which can be but rarely observed or produced 
dunng sleep. (1) The first of these phenomena is catalepsy, a muscular 
rigidity either of particular limbs or of the whole body. In this state, 
the arms or legs remain immovable in any position m which they are 
placed, and the subject will contmue for a long time together in the 
most constrained attitude, (li) The second is what is called somnamhultsm 
In this stage, consaousness recovers its functions, and movements are 
performed with great accuracy, but thought and action are entirely 
dependent upon the commands of the hypnotiser. 

5. To the psychologist, somnambubsm is obviously the most interesting 
of all these phenomena of hypnosis The control which the hypnotiser 
possesses over the somnambulistic consciousness is termed suggestion. 
Recent theories of hypnosis make it the principal factor in the origi- 
nation and subsequent direction of the state. It is undoubtedly of 
pnmaiy importance for somnambulism. Its effect may persist after the 
abrogation of the hypnotic state, a circumstance of which advantage 
IS taken in the apphcahon of hypnosis for therapeutic purposes. If 
the subject is naturally exatable, or has become especially susceptible 
by frequent hypnotisation, the efiScacy of suggestion is practically 
unlimited. Every orgamc function, motor and sensory alike, is sub- 
jected to its influence; and the personal r^istance which would be offered 
in the wakmg life by character, judgment or will gives place to an 
unconditional subservience to the invading power. The wildest il- 
lusions of sense and the most absurd actions are evoked with equal 
ease, and the whole mdividual seems reduced to a machine, wluch 
can only be set in motion from outside, «.« , at the command of another. 
Curious as these phenomena are, they have many analogues in less 
extreme processes of the normal consaousness. The authoritative 
influence which certain persons exercise upon those around them, the 
force of persuasion, etc., are iDustrations of facts of the same order 
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with somnambulistic suggestion, and differ from it only in intensity 
and extent The mechanism of all these effects is again simply the 
familiar mechanism of association and reproduction. What the theory 
of hypnosis is called upon to explain, therefore, is not the existence 
of suggestion, but simply the abnormal range and power of its influence 

6. We cannot here attempt to discuss the vanous theories of hyp- 
n(»s. The older view, of which Charcot was the chief representative, 
was that only hysterical subjects were liable to frill into the hypnotic 
state. But with the recognition of the general significance of sugges- 
tion, it has been replaced by a more correct hypothesis (Bernheim, 
Delboeuf, etc.), which r^ards everyone as hypnotisable, though not 
by any means with the same fricihty. The physiological conditions of 
the hypnotic state are still obscure; though here again the observations 
make it probable that we have in the first instance a derangement or 
functional paralysis of the organ of apperception. The will of the 
hypnotised subject takes no independent part m the actions which 
he performs. The exaggeration of motor and sensory activity is 
probably to be er^lained by the fact that the exatability of the 
elements which are roused to fimction under the influence of suggestion 
is especially great owing to the mhibition of all other excitatory pro- 
cesses. Wundt speaks in this connection of a neuro-dynamic mter- 
action, m virtue of which the energy of the inactive nervous elements 
serves to reinforce the function of the active parts of the system In 
any event, it carmot be wrong to suppose that the more exclusively 
predominant a psychophysical process is, the greater will be its clear- 
ness and mtensity. Looked at in this way the efficacy of attention 
furnishes an analogy to the power of suggestion. Under normal cir- 
cumstances the attention is hardly ever found to hold sway over a 
definite group of ideas for so long a time together. It may be that 
the phenomena which appear under the influence of suggestion show 
us of what it is capable, if permanently directed with complete and 
exclusive concentration upon particular contents. 
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